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C H A P T E R 1 
GENERAL INTRODUCTION 
Since interest in metal cluster chemistry was awakened, some twenty years 
ago, considerable attention has been payed to the subject. The interest was 
founded in the expectation that metal cluster compounds could exhibit 
interesting catalytic properties, because of their resemblance to finely 
dispersed metals. 1 The first impulse was to synthesize a great variety 
of metal clusters m order to gain insight in structural features. Special 
interest was given to the preparation of transition metal clusters of Ir, 
Pt, Ni, Rh etc., which are active catalysts as finely divided metals. The 
second impulse was to investigate the reactivity of these metal clusters 
towards various reagents. As a result some hundreds of transition metal 
cluster compounds were synthesized, many of them with fascinating structures 
and novel chemical bonding characteristics. Interesting reactivity and intra­
molecular fluxionality were discovered. The great discovery of unique 
catalysts, which was hoped for, has not yet occurred, however, 
In the last few years the main attention has been switched to mixed-
metal clusters, as these look more promising from a catalytic point of view. 
Compared to Rh, Ir and Pt the chemistry of gold cluster compounds has 
got less attention. Apart from this laboratory only a few other research 
groups were involved (Bellon, Italy; Mingos, U.K. and Schmid, West-
Germany). 2 The reason for this relatively small interest in gold cluster 
compounds may be due to the fact that metallic gold has thus far shown to 
be less useful as a catalyst. The structure and bonding in gold clusters, 
however, are unique as compared to other metals. This justifies further 
research as the results contribute to a better understanding of catalysis 
(and absence of it) as well as a better understanding of electric and 
magnetic properties of small metal particles. The last topic, interesting 
from both a theoretical and a practical point of view, is currently 
investigated by De Jongh. г · ' * 
This thesis mainly deals with the reactivity of gold cluster compounds, 
whereas a contribution to the subject of mixed platinum-gold chemistry is 
given as well (chapter 4). 
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The reactivity of gold cluster compounds is closely connected with the 
fluxional behaviour of these clusters. Fluxionality comprises ligand 
migration on the surface of the cluster core and/or rearrangements of the 
cluster core itself. Apart from these processes, gold cluster compounds 
may also show interesting substitutions. Tsocyanides for instance, 
substitute phosphines in gold phosphine clusters because the rate of 
elimination of isocyanide ligands is much lower than that of phosphines 
(chapter 2). 
The reaction of amines with isocyanides bonded to mononuclear gold 
phosphine compounds leads to gold-carbene compounds: 
H 
NR' 
Au-CiNR + NHzR' 3« Au-C!' 
ÑR 
H 
We have investigated the scope of this reaction with gold cluster compounds, 
because we think it to be of interest in a study of organic substrates 
bonded to gold clusters. The presence of the bulky phosphines, 
though, retards such a reaction unto an unpractical rate. The formation 
of carbene, however, can be performed with mononuclear gold(I) compounds 
which subsequently can be attached to the cluster. Introduction of ligands 
via gold(I) compounds can be used as a general synthetic route in gold 
cluster chemistry. 
Gold and gold compounds sometimes shows very surprising and very selective 
catalysis. 5 - e Most of these reactions involve oxygen or hydrogen migration. 
In this thesis a unique oxygen transfer from nitrate to carbon monoxide 
is shown (chapter 3). Both nitrate and CO are bonded to gold and the 
reaction occurs at room temperature. Although this conversion is thermo-
dynamically favourable, it has no precedent in literature. 
In the reaction of gaseous CO with a solid gold nitrate there are 
indications that the oxygen transfer is continued until the nitrate is 
completely stripped of its oxygen. In solution the oxygen stripping proces 
is interrupted by the solvent (formation of fulminate in dichloromethane), 
or by a rapid reaction to gold cluster compounds. 
When no nitrate is present, gold(I) compounds are capable of transferring 
oxygen from water to carbon monoxide , forming a water-gas shift 
type of reaction. This produces a reactive mononuclear intermediate which 
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instead of forming H2, aggregates to gold cluster compounds. In this respect 
it might be fascinating to inhibit the gold cluster formation in order to 
obtain a true water-gas shift reaction. Nevertheless the reaction is 
interesting as it is, a convenient route for the preparation of gold and 
mixed gold-platinum clusters. 9 
Gold(I) compounds can also be reduced to gold cluster compounds with 
hydrogen. Although reduction with hydrogen is relatively slow, it is a very 
efficient reaction, forming a good alternative in comparison with other 
reducing agents. The results of this study have, in the meantime, be used 
as preparative tool in the synthesis of mixed gold-platinum cluster 
compounds. 9 
In gold cluster chemistry the number of suitable analysis techniques is 
limited. X-ray analysis is really the only way of determining a complete 
structure, but it is expensive and suitable crystals have to be available. 
Pure material is also needed for elemental analysis, whereas IR spectroscopy 
only provides information about the ligands. The only remaining analysis 
technique with great practical use is 3lP-NMR. In order to expand the number 
of analysis techniques and to increase the use of existing one's, 31P-NMR 
was examined closer and new chromatographic analysis techniques were 
developed. The 31P-NMR chemical shift of compounds of the type AuPPhsX showed 
a correlation with the electronegativity of X (chapter 5). The relation 
may be used as a predictive tool in the determination of the nature of the 
ligand X directly from 31P-NMR shifts. Chromatography (chapter 6) adds a 
new purification method to gold cluster chemistry besides crystallization. 
Furthermore analytical HPLC can be used as an analysis technique with the 
advantages of being fast and sensitive. These advantages may accelerate 
the research on the subject of reactivity of gold cluster compounds as quick 
results can often be obtained directly from unrefined reaction products. 
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C H A P T E R 2 
SYNTHESES AND REACTIONS OF GOLD CLUSTERS CONTAINING ISOCYANIDE 1 
INTRODUCTION 
In our laboratory a lot of attention has been devoted to the synthesis 
of gold clusters containing phosphine and in some cases coordinated anions 
like I -, SCN- or Со(СО)ц- as ligands. We believed it to be interesting to 
investigate ligands which are bonded by an Au-C bond as these should give 
an entry to organic reactions at gold clusters. 
Isocyamdes were one of the possibilities. Isocyamdes are interesting 
because of their strong σ-donor capacities, which are even stronger than 
those of phosphines. Together with the good ττ-acceptor capabilities, these 
factors make isocyamdes excellent ligands for a great variety of metals. 
Knowledge of gold-isocyanide chemistry has been limited so far to gold(I) 
and gold(III) compounds.2-5 
In this chapter the syntheses of several gold clusters containing both 
phosphine and one or two isocyanide ligands are described. The synthesized 
isocyanide gold clusters were subjected to a ''Pf'Hj-NMR ligand exchange 
study. These experiments made it possible to gain more insight in the 
specific reactivity of the isocyanide ligand compared to the phosphine. 
The results were used to design a new synthetic route for the formation 
of gold clusters containing different ligands. 
Isocyamdes are reactive towards various nucleophiles such as amines and 
alcohols. When bonded to metals this may lead to the formation of metal-
carbene compounds. The choise of the metal is very important in this respect. 
With gold(I) and gold(III) isocyanide complexes there is a significant 
increase in reactivity of the isocyanide, and stable gold-carbene com­
plexes can be formed.2-5 For this reason the reactivity of isocyamdes 
bonded to gold clusters towards several amines was investigated. 
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RESULTS AND DISCUSSION 
The formation of {AuB(PPh^)7(CNR)}
 2 +
 and {AugCPPtu^CCNRb) 3* (R=':Bu or 1Рг) 
Attempts to synthesize gold clusters with isocyanides as ligands only 
were unsuccessful. Reducing Au(CNtBu)Cl with NaBH^ or Au(CNtBu)N03 with 
CO (see chapter 3) only gave gold colloids. As Vollenbroek and Van der 
Velden already have pointed out ^ 7 , the size of the gold cluster is depen­
dent on the size of the ligands used. CN Bu is smaller than РРЬз (cone 
angles about 60 and 1A50 respectively) and would therefore form gold 
clusters that are much larger than the known clusters with phosphine 
ligands. Apparently CN Bu is not capable of stabilizing these larger gold 
clusters in spite of its larger α-donor capacity. 
To synthesize gold clusters with isocyanide and phosphine ligands the 
well-known phosphine gold clusters {Аи
в
(РРЬз)7}2+, {Аив(РРЬз)в}2+ and 
{Аи9(РРЬз)е}3+ β were used as starting materials. Addition of CNR (R= Bu 
or Pr) to these clusters leads to the ultimate formation of {Аи9(РРЬэ)б-
(CNR)2}3 , probably via several intermediates such as {Aue(PPh3)7CNR}2+. 
The complexity of the reaction with CN Bu is illustrated by the time 
dependent 31P{1H}-NMR spectra shown in figure 1. The reaction with 
{Аи9(РРЬз)в} is slow; initially a compound with a peak at 52.8 ppm is 
the main product, but after 2 weeks this has largely been converted into 
a product with a ^PpHj-NMR signal at 53.3 ppm, which could be isolated 
and identified as {АиэСРРЬзЫС^ВиЫ 3 + . {Аив(РРЬз)7}2+ reacts much faster. 
It is converted completely in 0.5 hour, the compound with a peak at 52.8 
ppm again being the main intermediate, after 2 weeks it is partially conver­
ted into {Au9(PPh3)6(CNtBu)2}3+. The progression of the reaction of {Aua-
(РРЬэ)в} with CN Bu is roughly in between. From the NMR data it can be 
concluded that the reaction rates fall in the sequence { А и в ^ Р Ь з Ы 2 + > 
{Au8(PPh3)e}2+ > {Au9(PPh3)e}
3+
. 
From earlier observations 9~n we know that {Аи
в
(РРЬз)7}2+ can be formed 
according to the equilibria: 
{Au„(PPh,4
n
i 2 +^ {Au
e
(PPh3)7}
2+
 + PPh3 
Uu*(??h*)a)3+ ^ {Аи
в
(РРЬз)7}2+ + {АиРРЬзГ 
б 
0 h ' . » . . . . ' , . .—.-~-~ ——. ι . . 
0 5 h i ' ι Ι ι I J ι ι Ι ' . . —ч 1 Μ Ι . 
55 53 51 55 53 51 55 53 51 
20 h ι' .1 , 1,1 , , < -jJ-l — r i - j J г. 
(.„¡e».).«*'· [...(mo.,«·«,,,.-
2 W ,| ,| , | | , | , , , , ,ΐ! Ι, , , , , ΐ Ι,Ι , 
A B C 
Figure 1. Time dependent S1P{1H}-NMR spectra in СН2СІ2, signals 
relative to TMP in ppm. 
А {Аи9(РРЬз)8}
3+
 + CNtBu 
В {Аив(РРЬз)7}2+ + CNtBu 
С {Аи (РРЬз)8}2+ + CNtBu 
The great reactivity of {AuaCPPhs)?}2+ can be understood in terms of its 
exposed central gold site (see figure 2B). We believe therefore {Aue-
(РРЬэ)7}2+ to be the actual reactive species in this reaction. 
{Аи (РРЬэ)в}2+ and {АиэСРРЬзЫ Э + first have to generate {АиеСРРЬзЫ 2* 
according to the forementioned equilibria. This is supported by the isola­
tion and identification of the product with the 52.8 ppm 31P{1H}-NMR signalas 
as {Aue(PPh3)7(CN Bu)} 2 +. This product is formed almost instantaneously 
from the reaction of {AueiPPhabl2+ with CN^u. Starting from {AugiPPhsM 3 + 
or {Aue(PPh3)8}
2+
 also {АивСРРЬзЫС^Ви)}2"1" is formed, although at a 
lower rate, before further reaction to other products occurs. 
A faster reaction takes place using CN1Pr instead of CN Bu. No {Aue-
(PPh3)7(CN1Pr)}2+ can be identified, only {Аи9(РРЬэ)б(СМ1Рг)2}
3+
, after 
a reaction period of 6 hours. This is summarized in scheme 1. 
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Table 1. 
BuNCAuCl 
PPhäAuCl 
{Au9(PPh3)6(CNiPr)2}3+ 
{Аи
в
(РРЬз)
в
}2+ 
{Au
e
(PPh3)7(CNtBu)}2+ 
Аи11(РРЬэ)7Іэ 
{Au11(PPh3)7(CN
iPr)2I}
2+ 
Аи11(РРЬэ)б(СМ
і
Рг)Із 
Au-si 
-
Au 
Au -
Ρ 
Au -
Ρ 
Au -
Au -
Ρ 
A u
c
-
Au -
Ρ 
Au -
Ρ 
Au 
с 
Au -
Ρ 
Au -
Ρ 
Au 
с 
Au -
Ρ 
Au -
Ρ 
Au -
Ρ 
Au 
с 
Au -
Ρ 
Au -
Ρ 
Au -
Ρ 
te* 
19 
Ρ 
CN^ -Pr 
Ρ 
Ρ 
Ρ 
Ρ 
CNtBu 
Ρ 
Ι 
Ρ 
CNiPr 
Ι 
Ρ 
CN3 
Ι 
Pr 
7Au -
QS 
mm/s 
8.0 
7.5 
0 
6.8 
6.8 
0 
6.7 
0 
6.9 
5.9 
0 
6.6 
4.1 
0 
6.7 
6.0 
not 
low 
0 
6.3 
-^ 6.8 
4.8 
Mossbauer 
IS+ 
ι mm/s 
2.2 
2.9 
2.9 
1.8 
0.9 
2.4 
1.9 
2.3 
2.0 
0.9 
2.9 
1.6 
0.0 
2.8 
Data 
rel. 
intens. 
1.0 
3.2 
1.5 
2.4 
6.6 
1.0 
1.6 
1.6 5.5 
0.4 1.0 
found, probably due 
intensity 
2.9 
1.5 
^2.2 
-0.2 
. 
1.5 
3.8 
1.0 
2.0 
réf. 
14 
14 
this work 
12 
this work 
12, 13 
this work 
to 
this work 
* Au = central gold atom, Au = peripheral gold atom. 
' IS values relative to 197Pt source. 
Properties and structure of {AuB(PPh3)7(CNtBu)}2+ 
{Aue(PPh3)7(CNtBu)}2+ has a broad "P^HJ-NMR signal (line width 12 Hz) 
at 52.8 ppm relative to TMP similar to {Аи
в
(РРЬэ)в}2+ (53.0 ppm, line width 
25 Hz). The v(CN) 2186 cm - 1 is 52 cm - 1 higher in frequency than in 
the free CN Bu ligand, which is normal for a coordinated CN Bu. 
θ 
-{АиРРЬэ}+ -РРЬз 
{Аи9(РРЬэ)в}3 + 3» {Аив(РРЬз)7}2+«е {Аив(РРЬз) 1 2 + 
CNR 
{Aue(PPh3)7(CNR)}: 
(R = Ч і , -^Pr) SCHEME 1 
{Au9(PPh3)6(CNR)2}
34 
(final product) 
The conductivity in methanol (Л0 = 168 Ω
 1
 cm
2
 mol 1) indicates a 2:1 
electrolyte. 
The 1 9 7Au Mossbauer spectrum of {Au8(PPh3)7(CNtBu)}2+ (figure 3) 
can be fitted with 5 lines for 3 gold sites (table 1). In line with 
former studies9 ' u ' Ά they can be interpreted as a central gold phosphine 
site (IS 2.3 mm/s, QS 0.0 mm/s), a peripheral gold isocyanide site (IS 0.9 
mm/s, QS 5.9 mm/s), and a peripheral gold phosphine site (IS 2.0 mm/s, QS 
6.9 mm/s). 
Figure 2. 
А {Аив(РРЬз)в}2 as determined by X-ray analysis 
В {Аив(РРЬз)7}2 as determined by X-ray analysis 
С {Aue(PPh3)7(CNR)}2+ as indicated by Mossbauer data 
The position of CNR at one peripheral gold atom 
is arbitrary. 
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Figure 3. 1 9 7Au MÖssbauer spectrum of {Au
e
(PPh3)7CNtBu}(М0э)2 
As the central gold phosphine site and the peripheral gold phosphine 
site have Mossbauer parameters very close to those in {Аив(РРЬз)в} . 
we conclude that their gold skeletons are about the same. Consequently 
{Aue(PPh3)7(CNtBu)}2+ is not a simple addition product of {Au
e
(PPh3)7}
2+ 
(see figure 2B) and CN Bu, because some rearrangement must have taken place, 
as the CN Bu is not bonded to the vacant coordination position of the cen­
tral gold atom, but to one of the peripheral gold atoms (see figure 2C). The 
singlet signal for the central gold site indicates a rearrangement of the 
gold skeleton to a structure similar to {Аив(РРЬэ)в}2+ (figure 2A). 
Figure 4. 1 9 7Au Mossbauer spectrum of {AugiPPhä^CN^rbKNOah 
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The structure of {Au^PPhO^CNV),} 3 + 
Crystals of {АиэСРРЬзЫС^РгЬКНОзЭэ were subjected to an X-ray 
structure determination. It turned out, however, that due to disorder only 
the positions of the gold atoms could be determined and a complete 
structure determination was impossible. The gold skeleton was found 
to be a centered cube with edge Au-Au = 2.9 X {Au9(PPh3)6(CN
tBu)2}(РГ6)э 
showed to be isostructural. 
The 1 9 7Au Mossbauer spectrum of {Аиэ(РРЬэ)6(СМ
1
Рг)2}3+ (figure 4) can 
be fitted asbuming three gold sites with two quadrupole pairs for Au-P 
(IS 1.8 mm/s and QS 6.8 mm/s) and Au-CN1Pr (IS 0.9 mm/ь and QS 6.8 mm/s) 
together with a singlet (IS 2.9 mm/s) for the central gold atom (see 
table 1). These results are in good agreement with the data of other phos-
phine gold clusters, and the isomer shift of the Au-CN Pr site is the same 
as found for {Aue(PPh3)7(CNtBu)}2+. 
31P{lH}-NMR spectra (see figure 5A) showed only one sharp peak at room 
temperature, but at lower temperature new peaks appeared. The spectra can 
be explained by the assumption that there are three isomers А, В and С 
(figure 6) with one, three and two phosphorus sites respectively. At room 
temperature the isomers are interconverted by fast intramolecular displace­
ments. In the temperature range 210 - 170 К the single peak found at room 
temperature is split up in three signals, one from each of the three iso­
mers, who still have a rapid equilibration of their phosphine ligands. 
At 155 К this fluxionality is also blocked and all the phosphine sites 
can be detected. Some coincidence of signals from В and С is assumed as 
indicated in figure 5A. 
The temperature dependent 31P{1H}-NMR spectra of the isostructural 
{Аи9(РРЬэ)б(СК Bu)2} 3 + are shown in figure 5B. Following the same expla­
nation, the three isomers А, В and С appear between 210 and 155 K, where 
isomer В is most favourable. At 120 К all phosphine sites of the three 
isomers can be seen separately. 
The forementioned observations can be explained by a mechanism of ligand 
migration on the surface of the gold cluster core. At room temperature both 
the phosphine and the isocyanide ligands migrate rapidly, resulting in 
interconversion of isomers together with scrambling of the different phos­
phine sites. Below 170 K, however, the migration of the isocyanide is not 
longer possible (isocyanides are bonded much tighter to the gold cluster 
11 
! ι 
\w^-r--
V-*.•vw/v V - v 
210 К 
>УЧ.«
Л
т«- / ^ ^л /' Ч», 
^« - Л" Ч
1
" 
' V 155 К 
ñ 
/ L ^ 
ι 
Η 
^ ^ ^
к 
56 W 52 50 48 ΡΡΜ 
Α'^'ν 
У« 
V J 1 » ^ 
4 
?\ i 
JW/\TW 
A / 'vi 
А В С ^ ' il 
60 56 54 52 50 48 PPM 
5. Temperature dependent 31Pi1H}-NMR spectra of 
А {Аи9(РРЬз)6(СМ'
,
Рг)2}
3+
 and 
В {Au9(PPh3)6(CN
tBu)2}
3+
 in CH2CI2, signals relative to TMP. 
^ = F 1 L L^Í 
L 
L=CNR 
A,x.Q=PPh, 
¿t 
В 
Г 
Figure 6. The three isomers A,В and С proposed for 
(Au9(PPh3)6(CNR)2}3+ (R = ^ г , tBu) with the low 
temperature 31P{1H}-NMR splitting patterns. 
than phosphines, as indicated by exchange experiments; vide infra), re­
sulting in the appearence of the three isomers, which still show scrambling 
of their phosphine sites. At 155 К when the migration of phosphine is also 
blocked, all phosphine sites can be observed separately. 
Other mechanisms like rotations inside the gold cluster core seem less 
probably, because differences in fluxionality between ligands are harder 
to explain. At room temperature also intermolecular exchanges may occur, 
but these are found to be considerably slower compared to the NMR time 
scale. 
The temperature dependent spectra of {AugCPPhsJeCCN Bu)2} 3 + show a less 
pronounced difference between the fluxionalities of the isocyanide and 
phosphine ligands. Some problems with the correct interpretation of these 
spectra remain. 
Formation and properties of {Auiι(PPhi)7(CN Pr) ?I}
2 + 
The reaction of {АиэСРРЬэ^} э + with (pseudo)halides (X-) leads to the 
formation of {AuiіСРРЬэЭеХг)+· So it was interesting to investigate the 
reaction of {Аи9(РРЬз)б(СК
1
Рг)2}3+ with halides. With I~ in methanol at 
200 К {Аиіі(РРЬз)7(СМ1Рг)2І}2+ is formed. The compound was identified by 
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chemical analyses, conductivity measurement (Λ0 = 300 Ω
- 1
 cm
2
 mol - 1 at 250C 
in acetone)) indicating a 2:1 electrolyte and IR spectroscopy (v(CN) 2180 
cm
- 1) indicating coordination of CN Pr. 
The 1 9 Au Mossbauer spectrum of this compound (figure 7) can be fitted 
with 5 lines for three gold sites (see table 1): a central gold (Au ) with 
a single resonance line at IS 2.8 mm/s, a peripheral gold phosphine (Au -Ρ) 
site with a quadrupole pair IS 1.6 mm/s and QS 6,7 mm/s, and a peripheral 
gold-isocyamde (Au -CN Pr) site with a quadrupole pair TS 0.4 mm/s and 
QS 6.0 mm/s. No gold-iodide site could be found probably due to the expected 
low intensity. Its structure was determined by X-ray analysis and was found 
to be nearly the same as the structure of Auiі(РРЬэ)7Іэ.^ 
Figure 7. 1 9 7Au Mossbauer spectrum of {Ащ iCPPhabíCf^Prhl} (PF6)S 
The X-ray structure of { AIM ι (PPh.O^CN^r),!} (NO·,), 
Fractional position parameters, selected bond angles and bond distances 
are listed in tables 2, 3 and 4. The dipositive cluster ion has one central 
and ten peripheral gold atoms, which are situated at the centre of the ver­
tices of an icosahedron with one triangular face replaced by a single vertex 
(figure 8). The metal framework is thus very similar to that in other 
Auii-clusters: Aui іСРРЬэЫз. * Ащ іСРРІізЬСЗСЮз . ^  Au 11(Р(р-С1С6Ні)),)7Із ,
17 
Au!
 1(Р(р-РС6Ні()з)7Із »
 ω
 all with symmetry Сэ . 
The positions of the iodine and the two isopropylisocyanide ligands in 
the crystal are related by a crystallographic three fold axis, leading to 
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disorder. The Au-C distance was fixed at 2.000 A during the refinement 
procedure because of this disorder. 
A comparison of the relevant bond parameters with those of Аи11(РРЬз)7Із 
is given in table 5. The distances between the central and peripheral Au 
atoms are in range of 2.627 - 2.693 Â and those between peripheral Au atoms 
between 2.927 - 3.051 A. These distances as well as the main bond angles 
are very close to those found in Аиц(РРЬэ)7Із (see table 5), although 
some differences are noteworthy. The distance between the gold atoms bonded 
to isocyanide or iodine and the central gold atom (Аиц-Aui = 2.69 A is 0.03 
A shorter than the mean central to peripheral Au bond length in Аи11(РРЬэ)7-
Із. Also all Au-P distances (mean value 2.27 A) are significantly shorter 
о 
than those in Auj1(РРЬз)7Із (mean value 2.34 A), whereas the Au-I bond is 
о 
0.1 A longer. 
Figure 8. S t r u c t u r e of {Ащ ^ Р Р Ь з Ы С І ^ Р г Ь І } 2 + and the atomic 
numbering scheme. 
15 
Table 2:Fractional Positional and Thermal Parameters (with esd's). 
Atom χ y 
Aul 
Au2 
Au3 
Au4 
Au5 
I 
P2 
P3 
P5 
C21 
C22 
C23 
C24 
C25 
C26 
C27 
C28 
C29 
C2A 
C2B 
C2C 
C2D 
C2E 
C2F 
C2G 
C2H 
C2I 
C31 
C32 
C33 
C34 
C35 
C36 
C37 
C38 
C39 
C3A 
C3B 
C3C 
C3D 
C3E 
C3F 
C3G 
C3H 
C3I 
C41 
N4 
C42 
C43 
0.28730 
0.21889 
0.33411 
0.25169 
0.32727 
0.2180 
0.1594 
0.3790 
0.3617 
0.1118 
0.1018 
0.1250 
0.1583 
0.1683 
0.1451 
0.1626 
0.1513 
0.1173 
0.0946 
0.1058 
0.1398 
0.1509 
0.1356 
0.1034 
0.0866 
0.1019 
0.1341 
0.4322 ( 
0.4616 ( 
0.4759 ( 
0.4608 ( 
0.4314 ( 
0.4170 ( 
0.4323 
0.4464 
0.4251 
0.3897 
0.3755 
0.3969 
0.3871 
0.3796 
0.3513 
0.3306 
0.3382 
0.3664 
0.2340 
0.2215 ( 
0.2145 ( 
0.190 
(5) 
(5) 
(6) 
(6) 
(5) 
(4) 
(4) 
(4) 
(3) 
(7) 
(7) 
(7) 
(7) 
(7) 
(7) 
(7) 
(7) 
(7) 
(7) 
(7) 
(7) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 
10) 
10) 
10) 
10) 
10) 
10) 
(9) 
(9) 
(9) 
(9) 
(9) 
(9) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 
(7) 
10) 
15) 
(3) 
0.28730 
0.27486 
0.24879 
0.34305 
0.32727 
0.3996 
0.2697 
0.2184 
0.3617 
0.2758 
0.2707 
0.2549 
0.2441 
0.2491 
0.2650 
0.2173 
0.1891 
0.1758 
0.1906 
0.2188 
0.2322 
0.3387 ( 
0.3705 ( 
0.3703 ( 
0.3384 ( 
0.3067 ( 
0.3069 ( 
0.2527 
0.2745 
0.2896 
0.2829 
0.2610 
0.2459 
0.1732 
0.1466 
0.1291 
0.1382 
0.1648 
0.1823 
0.1690 
0.1554 
0.1688 
0.1958 
0.2094 
0.1960 
0.3878 
0.4144 
0.4482 
(5 
(6 
(6 
(6 
(5 
(4 
(4 
(4 
(3 
(7 
(7 
(7 
(7 
(7 
(7 
(9 
(9 
(9 
(9 
(9' 
(9 
11 
11 
11 
11 
i r 
11 
(9 
(9, 
(9] 
(9] 
(9; 
(9) 
(9) 
(93 
(9) 
(9) 
(9) 
(9) 
(9) 
(9) 
(9) 
(9) 
(9) 
(9) 
(4) 
(8) 
(8) 
0.4490 (27) 
Ueq(*100) A2 
0.28730 
0.27655 
0.32415 
0.26163 
0.32727 
0.2340 
0.2711 
0.3494 
0.3617 
0.2150 
0.1800 
0.1563 
0.1677 
0.2027 
0.2264 
0.3184 
0.3391 
0.3351 
0.3103 
0.2896 
0.2936 
0.2815 ( 
0.2920 ( 
0.3079 ( 
0.3169 ( 
0.3064 ( 
0.2887 ( 
0.3922 
0.3947 
0.3644 
0.3316 
0.3290 
0.3593 
0.3258 
0.3048 
0.2805 
0.2772 
0.2983 
0.3225 
0.4037 ( 
0.4370 ( 
0.4563 ( 
0.4424 ( 
0.4091 ( 
0.3897 ( 
0.2401 
0.2294 ( 
0.2129 ( 
(5) 
(6) 
(6) 
(6) 
(5) 
(4) 
(4) 
(4) 
(3) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 
(9) 
(9) 
(9) 
(9) 
(9) 
(9) 
10) 
10) 
10) 
10) 
10) 
10) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 
10) 
10) 
10) 
10) 
10) 
10) 
(7) 
14) 
15) 
0.1789 (25) 
4.21 
5.73 
6.46 
6.76 
5.32 
6.9 
5.4 
6.2 
5.0 
4.4 
6.2 
8.4 
5.5 
4.8 
4.9 
8.9 
9.6 
5.1 
5.7 
6.2 
6.7 
8.5 
9.7 
10.2 
11.5 
9.9 
4.4 
10.8 
8.6 
9.2 
9.5 
10.2 
5.2 
7.8 
8.3 
11.6 
11.6 
6.5 
6.2 
5.9 
11.1 
12.1 
13.1 
8.8 
6.3 
6 
0.5 
32 
26 
( 6) 
( 9) 
(10) 
(10) 
( 6) 
( 6) 
( 6) 
( 6) 
( 4) 
(14) 
(17) 
(18) 
(15) 
(13) 
(15) 
(20) 
(20) 
(14) 
(14) 
(16) 
(17) 
(20) 
(14) 
(33) 
(25) 
(22) 
(14) 
(23) 
(21) 
(20) 
(20) 
(21) 
(14) 
(16) 
(20) 
(23) 
(24) 
(16) 
(15) 
(16) 
(27) 
(29) 
(29) 
(20) 
(16) 
( 3) 
(21) 
( 9) 
( 7) 
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Table 2: Fractional Positional and Thermal Parameters (with esd's). (cont.) 
Atom χ y ζ Ueq(*100) Â2 
C44 
C51 
C52 
C53 
C54 
C55 
C56 
P7 
F71 
F72 
F73 
F74 
P8 
F81 
F82 
0.2406 
0.3113 
0.2946 
0.3060 
0.3340 
0.3507 
0.3393 
0.2500 
0.2792 
0.2478 
0.2724 
0.2276 
0.1250 
0.0881 
0.1250 
(27) 
(9) 
(9) 
(9) 
(9) 
(9) 
(9) 
(8) 
(16) 
(10) 
(10) 
(11) 
0.4792 
0.4143 
0.4451 
0.4619 
0.4480 
0.4172 
0.4003 
0.5048 
0.4848 
0.5193 
0.5322 
0.4773 
0.5000 
0.5000 
0.4631 
(11) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 
(7) 
(ID 
(9) 
(10) 
(10) 
(11) 
0.220 
0.3584 
0.3698 
0.4004 
0.4197 
0.4084 
0.3777 
0.5000 
0.4896 
0.4661 
0.5104 
0.4897 
0.2500 
0.2500 
0.2500 
(4) 
(7) 
(7) 
(7) 
(7) 
(7) 
(7) 
(14) 
(4) 
(13) 
(13) 
30 
6.3 
5.5 
6.7 
6.8 
4.9 
6.8 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
( 9) 
(16) 
(15) 
(17) 
(17) 
(14) 
(18) 
occupa-
tion 
factor 
0.36 (2) 
0.36 (4) 
0.45 (4) 
0.30 (4) 
0.33 (5) 
0.11 (1) 
0.14 (3) 
0.30 (4) 
Table 3: Bond Angles С ) with esd's between parentheses. 
Au2-Aul-Au3 
Au2-Aul-Au4 
Au2-Aul-Au5 
Au3-Aul-Au4 
Au3-Aul-Au5 
Au4-Aul-Au5 
Au2-Aul-Au2 
Aul-Au2-Au4 
Aul-Au3-Au5 
Aul-Au4-Au2 
Aul-Au4-Au5 
Au2-Au4-Au5 
Aul-Au5-Au3 
Aul-Au5-Au4 
Au3-Au5-Au4 
Aul-Au4-I 
128.7(1 
66.1(1 
138.7(1 
161.0(1 
86.4(1 
92.6(1 
69.7(1 
57.3(1 
54.7(1 
56.6(1 
43.0(1 
93.1(1 
56.8(1 
44.4(1 
101.2(1 
177.7(3] 
) Au2-Au4-I 
) Au4-Au5-I 
) Aul-Au2-P2 
) Au2-Au4-P2 
) Aul-Au3-P3 
) Au3-Au5-P3 
) Aul-Au5-P5 
) Au3-Au5-P5 
) Au4-Au5-P5 
) Aul-Au4-C41 
) Au2-Au4-C41 
Au5-Au4-C41 
Au2-P2 -C26 
) Au2-P2 -C2C 
Au2-P2 -C2I 
Au3-P3 -C36 
54.7(1) 
136.6(3) 
173.6(4) 
118.7(4) 
172.1(4) 
123.7(4) 
180.0 
123.2(1) 
135.6(1) 
169.5(8) 
133.4(8) 
130.3(8) 
113.3(11) 
115.5(12) 
114.8(12) 
112.9(13) 
Au3-P3 
Au3-P3 
Au5-P5 
Au4-C41 
C26-P2 
C26-P2 
C2C-P2 
C36-P3 
C36-P3 
C3C-P3 
C51-P5 
C41-N4 
N4 -C42 
N4 -C42 
C43-C42 
-C3C 
-C3I 
-C56 
-N4 
-C2C 
-C2I 
-C2I 
-C3C 
-C3I 
-C3I 
-C51' 
-C42 
-C43 
-C44 
-C44 
114 
113 
113 
174 
104 
105 
102 
104 
107 
102 
105 
101 
118 
118 
119 
•9(11) 
.4(12) 
1(11) 
7(7) 
1(15) 
2(16) 
6(16) 
5(16) 
6(17) 
6(16) 
6(16) 
2(1) 
2(1) 
4(1) 
6(1) 
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Table 4: Bond Lenghts (À) with e s d ' s between parentheses . 
Aul-Au2 2.670( 3) Au2-P2 2.276(14) P3 -C3C 1.84 (4) 
Aul-ЛиЗ 2.692( 2) Au3-P3 2.270(14) P3 -C3I 1.81 (4) 
Aul-Au4 2.693( 2) Au5-P5 2.266(21) P3 -C3I 1.81 (4) 
Aul-Au5 2.627( 4) Au4-C41 2.000( 1) P5 -C56 1.80 (4) 
Au2-Au2' 3.051( 3) P2 -C26 1.79 ( 3) C41-N4 1.118 (1) 
Au2-Au4 2.927( 3) P2 -C2C 1.82 ( 4) N4 -C42 1.453 (1) 
Au3-Au5 2.992( 3) P2 -C2I 1.83 ( 4) C42-C43 1.584 (1) 
Au4-I 2.709(14) P3 -C36 1.82 ( 4) C42-C44 1.559 (1) 
Table 5 Comparing bond angles and bond d i s t a n c e s in 
Аиіі(РРЬэ)7Із and {Ащ ^ Р Р Ь з Ы С ^ Р г Ы ) 2 + 
{ A u i 1 ( P P h 3 ) 7 ( C N i P r ) 2 I } 2 + Au 1 i (PPh 3 )7 l3 ] 
Am - Aus - Ps 180.0° 178.5° 
Aui - Лиг - P2 173.6° 170.4°- 175.6° 
Aui - Aus - P3 172.1° 171.1°- 177.3° 
Aui - Aui, - Іц 177° 175.4°-177.6° 
Am - Аи2,з,ц,5 2.627(4) - 2.693(3) λ 2.634(1) - 2.732(2) S 
Лиг - Аиц 2.927(3) Â 2.877(1) - 3.145(2) I 
Лиг - Лиг' 3.051(3) X 3.031(2) - 3.083(1) l 
Лиз - Aus 2.992(3) X 2.919(1) - 2.963(1) X 
Аиг.з.ц - Ρ 2.266(21) - 2.276(14) Χ 2.289(63)- 2.455(74)Χ 
Au., - Ι* 2.709(14)Χ 2.616(13)- 2.623(14)Χ 
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Formation and properties of Auiі(РРЬэ)б(СК Рг)Із 
When the reaction of {АиэСРРЬзЭеСС^РгЬ}э+ with I - in methanol is 
carried out at room temperature, Auiі(РРЬэ)6(СК Рг)Із is formed. 
This compound was identified by chemical analysis. Its solubility in benzene 
indicates an uncharged cluster molecule. In the IR spectrum v(CN) is seen 
at 2180 cm - 1, which is the same as found for {Aui1(PPh3)7(CN
1Pr)2I}2+. 
The 31P{1H}-NMR spectrum of a benzene solution shows a single signal at 
49.2 ppm relative to TMP, which is in the region always found for uncharged 
Аиц clusters (47.5 - 50.0 ppm). 
The 1 9 7Au Mossbauer spectrum (figure 9) can be fitted with 7 lines for 
4 gold sites, a central gold site with a single resonance line at IS 2.9 
mm/s, a peripheral gold phosphine site with a quadrupole pair at IS 1.5 
mm/s and QS 6.3 mm/s, a peripheral gold iodide site with a quadrupole pair 
at IS -0.2 mm/s and QS 4.8 mm/s, and a gold isopropylisocyanide site with 
a quadrupole pair at IS 2.2 mm/s and QS 6.8 mm/s. All data are found in the 
expected range, except for the isomer shift of the gold-isocyanide site, 
which is higher than the values in other gold-isocyanide clusters (0.4 and 
0.9 mm/s, see table 1). However, there is a great uncertainty in the IS 
values of this gold site as a consequence of the very low intensity. All 
other data compare well with those of Аиіі(РРЬз)7Іэ, indicating that 
Аиіі(РРЬз)6(СН Рг)Із is structurally similar, with one phosphine substituted 
by CN1Pr. 
130 
ζ 
о 
^ 99 
ιΛ 
τ 
іл 
Ι 9 
ϊ 97 
g : 
-1С - 5 0 5 10 
/ЧМ5 -ι 
Figure 9. 1 9 7 Au Mossbauer spectrum of AuniPPluhiCN Р г ) І з 
19 
Reactivity of isocyanide-gold clusters 
Gold clusters are reactive species, which can undergo ligand exchanges, 
fragmentation and growth yielding other gold cluster compounds. Some of 
these reactions must be very complex. As far as we can see at the moment, 
at least two elementary reaction mechanisms seem to be important. First 
the elimination of ligands and second the elimination of {АиРРЬз}+ units. 
The dissociation of a ligand leaves an open site on the gold cluster sur­
face where an other ligand can be attached. This would account for ligand 
exchanges as observed. Dissociation and association of {АиРРЬэ) on the 
other hand can account for the rapid Aue-Aug interconversions. If more than 
one type of ligand is present in the gold cluster, a difference in disso­
ciation rate of these different ligands can be expected. 
In order to investigate this in the case of gold-phosphine-isocyanide 
clusters several reactions were followed by in situ 31P{1H}-NMR studies. 
When {Аи9(РРЬз)б(СМ1Рг)з}э+ and {АизСРСр-ІоіЫв} 3 + were mixed, the ini­
tial two sharp peaks of the starting materials were rapidly broadened 
and splitted (figure 10). However, when {Аи9(РРЬз)б(СМ1Рг)2}
э+
 and {Aug-
(РРЬз)е}3+ were mixed, no change in signals was observed. 
Those results indicate that although the phosphines PPh3 and P(p-tol)3 
exchange, the CN Pr does not. It seems that CN Pr is much stronger bonded 
to gold than РРЬз and that the elimination of {AuCN Pr} + is by far not as 
fast as the elimination of {АиРРЬз) or not present at all. 
55 54 53 52 51 PPM 
Figure 10. 31P{1H}-NMR spectrum of a mixture of {Аи
э
(РРЬз)б(СМ1Рг)2} 
and {Au9(P(p-tol)3)e}3+ after 10 minutes. 
3 + 
20 
{Au9(PPh3)e} : 
- P P h ^ 
{ A u e ( P P h 3 ) 6 ( C N R ) } 2 + 
CNR 
' I 
{ A u e C P P h a ^ C N R h } 2 4 
-Р№> 
( A u
e
( P P h 3 ) 7 } 2 + + {АиРРЬз}+ 
CNR 
I ' 
{ A u e ( P P h 3 ) 7 C N R } 2 + 
{ A u 8 ( P P h 3 ) 5 ( C N R ) 2 } 2 + 
{АиРРЬэ}+ 
V 
{Au9(PPh3)6(CNR)2} 3 + 
SCHEME 2 
A possible reaction sequence for the reaction with isocyanide is shown in 
scheme 2. The isolated {AueCPPhsbCNR}2*, which according to its 1 9 7Au 
Mossbauer spectrum resembles {АиаСРРЬзЭв}2+, can split off PPh3 and add CNR 
to form an identical type of cluster, (Aue(PPh3)6(CNR)2}
2+
. The final pro­
duct, {Au9(PPh3)G(CNR)2}3+ is obtained after substitution of PPhs by 
{АиРРЬз) . The addition of isocyanide proceeds because once CNR is attached 
to the cluster, it does not come off again. The eliminated PPhj reacts with 
the excess {АиРРЬз}+ to {Аи(РРЬз)2}+ that is found as a side product. 
Reactions with amines 
The addition of primary amines to gold(I) isocyanide complexes leads to 
the formation of formamidine complexes:2-5 
R'Au-CENR 
NH2R" 
H 
.NR" 
R'Au-Cf 
4
>JR 
H 
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The magnitude of the v(CN) shift of the isocyanide due to the complexa-
tion seems to be correlated with its reactivity. An empirical relation 
suggests that this shift must exceed 60 cm - 1 to allow nucleofilic attack 
by amines or alcohols.19 This shift is influenced by the electron-with­
drawing effect of the gold atoms involved. Gold(I) compounds usually have 
v(CN) shifts of 90 - 120 cm - 1 and react rapidly with amines. Gold clusters 
however, have Av(CN) values between 40 and 60 cm - 1 as is shown in table 6. 
Table 6 v(CN) shifts of some gold carbene cluster compounds. 
{Аи
в
(РРЬз)7(С^Ви)}2 + 
{Au11(PPh3)7(CN
iPr)2T}
2+ 
{Au9(PPh3)6(CN
tBu)2}3+ 
{Au9(PPh3)6(CN
1Pr)2}3+ 
Аи11(РРЬз)б(СК
1
Рг)Із 
V(CN), 
2186 
2180 
2175 
2200 
2180 
cm"
1 Δν(0Ν)*, 
52 
40 
41 
60 
40 
cm"
1 
* Δν(0Ν) shift to higher frequency going from free to bonded isocyanide. 
The rate of reaction with amines is found to be considerably slower. Usually 
30 days are needed for a reasonable extent of conversion. Unfortunately it 
was not possible to isolate pure products from these experiments. Carbene 
vibrations were found between 1570 and 1580 cm - 1 in the IR spectra (for 
Au(I) compounds 1580 - 1590 cm - 1 is found). 
There are probably three factors giving rise to the slow carbene forma­
tion starting from gold clusters with isocyanide ligands. First the 
effective charge on the gold atoms in the gold cluster is smaller than in 
Au(I) compounds. Second, there is a steric hindrance to the approach of 
the amine from the bulky phosphines. Third, no positive effect is expected 
from the equilibrium: 
{Au9(PPh3)6(CNR)2}
: 
^ {Au
e
(PPh3)6(CNR)}
2+
 + {AuCNR}+ 
22 
If {AuCNR}+ was eliminated the amine could react with {AuCNR}+ outside 
the cluster to a gold carbene which could then be attached to the cluster. 
3lP-NMR studies mentioned above, however, have shown that this dissociation 
reaction is very slow. 
For the synthesis of gold clusters containing carbene ligands the reaction 
of Au(I) carbene with {AuaCPPhs^}2 looks more promising (scheme 3). 
H 
NR 
^ . {AueiPPhabCÏ } 3 + SCHEME 3 
4ÑR' 
H 
All three disadvantages of the direct reaction with amines are avoided 
in this way. Carbene formation occurs at a Au(I) compound, guaranteeing 
sufficient reactivity and lack of steric hindrance, whereas the equili-
brium of ligand exchange might work to our advantage. 
Experiments using {AuCNHRCNHR' )}МОз (R = ^ г ; R* = nPr) were frustrated 
by the instability of the Au(I) carbene. Therefore the easier obtainable 
biscarbene complex {AuCCNHRCNHR'ihJPFe (R * ^ г ; R' = CH3) 2 was used as 
an alternative. According to 3lP-NMR and IR spectra, reaction of {Aue-
(РРЬэ)7}2+ with biscarbene resulted in the rapid formation of gold clusters 
containing carbene ligands. Unfortunately it was very difficult to isolate 
one of these gold clusters. In one occasion some crystals were obtained of 
a gold-carbene cluster with an IR absorption of 1570 cm - 1. The 1H-NMR of 
this compound showed the carbene to be altered to R = R' = СНэ, indicating 
a reversible amine addition to isocyanides. The number of possible gold 
cluster compounds resulting from the reaction with Au(I) biscarbene is 
therefore much higher than expected, complicating the purification. As a 
result the forementioned crystals could not be reproduced. 
The fast reaction to gold clusters containing carbene ligands proves, 
however, that the reaction of suitable Au(I) compounds with {Аив(РРЬз)7}2+ 
can be considered as a general synthetic route in gold cluster chemistry 
for the introduction of different ligands. 
{Au
e
(PPh 3) 7}
2 +
 + {Л11С4 
Ж 
NR' 
H 
r-
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EXPERIMENTAL 
Instrumentation 
С, H and N analyses were carried out in the micro analytical department 
of the University of Nijmegen. The other analyses were performed by Dr. A. 
Bernhardt, Elbach liber Engelskirchen, F.R.G. Electrical conductivity 
measurements were performed with a Metrohm Konduktoskop and a Philips PR 
9510/00 conductivity cell at 250C. Molecular weights were determined using 
a Knauer 11.00 vapor pressure osmometer. Proton NMR spectra were recorded 
on a Nicolet NT-300 at 121.5 MHz (low temperature measurements). Infrared 
spectra were recorded on a Perkin-Elmer 283 spectrophotometer and l 9 7Au 
Mossbauer spectra measured at 4.2 К with apparatus described earlier. я> '21 
All materials were of reagent grade. 
Preparations 
{Аи
в
(РРЬэ)7}2+. {Аив(РРЬз)в}2+ and {Аи9(РРЬз)в}
3+
 were synthesized by 
procedures described earlier.8 
{Aue(PPh3)7(CNtBu)}(N03)2 
To a solution of 200 mg (0.056 mmol) of {AugíPPhsbKNOjb in 10 ml of 
djchloromethane was added 0.1 ml (2 mmol) CN Bu. After 2 minutes the reaction 
mixture was added to 50 ml diethyl ether and the precipitate was filtered 
off, washed with diethyl ether, and dried in vacuo. Yield 200 mg (90%). 
Anal. Caled, for АивС^іНццМзРуОб (M = 3619.03): С, 43.48;ΙΙ, 3.18;Ν, 1.16. 
Found: С, 42.48;Η, 3.16;N, 1.06%. IR v(CN) 2186 cm - 1 and (Ж)э~) 1360 cm - 1 
(Csl pellet). ^P^Hj-NMR 52.8 ppm in CH2CI2 relative to TMP. Conductivity 
in methanol at 250C Ло = 168 Ω - 1 cm2 mol - 1. 
{Au9(PPh3)e(CN
iPr)2}(N03)3 
a) To 500 mg (0.12 mmol) {Аи9(РРЬз)в} (Ж>з)з , dissolved in 10 ml of СН2СІ2, 
an excess of 0.5 ml (5,5 mmol) isopropylisocyanide was added with stir­
ring. The reaction was carried out at room temperature. A gold mirror was 
formed within Ij hours on the reaction vessel wall upon standing. After six 
hours the reaction mixture was poured into 100 ml of diethyl ether. The 
orange precipitate was filtered off and dissolved in 15 ml of acetone. 
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The acetone solution was filtered over Kieselguhr to remove metallic gold. 
Finally the acetone solution was poured into 100 ml of hexane and the 
orange-red product filtered off and washed with a little diethyl ether. 
Yield 58%. 
b) Using the same procedure, starting from {AueCPPha)?)2+, the identical 
product (according to 31P{1H}-NMR and IR data) could be obtained within 
18 hours. 
fusion of diethyl ether into a dichloromethane solution of the product. Anal. 
Caled, for СцеНю-Аиа^ОэРб (M=3670.72): C, 37.96;H
r
 2.86;Au, 48.92;N, 1.91; 
СіібНіочАи9^09Р6 (M = 3670.72):C1 37.96:11, 2.86;Au, 48.92;N, 1.91;0, 3.92; 
P, 5.06. Found: C, 36.81;H, 3.03;Au, 48.70;N, 1.73;P, 4.03%. 
The 1 9^u Mossbauer spectrum could be fitted with two quadrupole pairs and 
one singlet with parameters as listed in table 1. Electrical conductivity 
measurements in methanol indicated a 1:3 electrolyte (Ло in MeOH 258 Ω - 1 
cm
2
 mol - 1, form the extrapolation of Л versus /c). Using an osmometric 
pressure procedure, as assuming a 1:3 electrolyte, a molecular weight of 
M = 3500 was found. IR v(CN) 2186 cm - 1 (Csl pellet). 
{Au9(PPh3)6(CN
1Pr)2}(PF6)3 
200 mg (0.055 mmol) {Au9(PPh3)6(CN
:LPr)2} (N03)3 was dissolved in 5 ml of 
СНгСІг and added dropwise to 50 ml of ethanol saturated with NH^PFg. The 
orange-brown precipitate was filtered off, washed with ethanol and redis-
solved in 5 ml of CH2CI2. After filtration over Kieselguhr the orange pro­
duct was precipitated by addition of 50 ml of hexane. Orange-red square pyr­
amidal crystals were obtained in the same way as {Аи9(РРЬэ)
в
(СК Рг)2КК0з)з. 
Anal. Caled, for С! ібНіоі.Аи9Р1вМ2Р9 (M = 3291.62): С, 35.55^, 2.67;Au, 45.23; 
F, 8.73;N, 0.71;P, 7.11. Found: С, 35.35;H, 2.76;Au, 45.20;F, 8.55;N, 0.72; 
P, 7.27%. 
The following physical data were obtained for both the nitrate and PF
e
-
salts: the IR spectrum (Csl pellet) shows a v(CN) stretch vibration at 
2200 cm - 1 (medium), bands originating from the triphenylphosphine ligands 
and free nitrate or РБ7. The Au-C vibration is not observed, in the region 
around 525 cm - 1 where this band is to be expected, a strong band of PPha is 
present. The 31P{1H}-NMR spectrum in CH2CI2 only shows one sharp singlet 
(line width 3 Hz) at 53.95 ppra downfield relative to TMP. 
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Чі-ІМК (CD2Cl2, δ(ρρπι)): 0.95 doublet (СН-(СНз)2, 12H, J=6.6 Hz); 
3.6 hepte t (СН-ССНэЬ, 2H, J=6.6 Hz); 6.7-7.4 m u l t i p l e t (Р(С 6Н5)э, 90H). 
{Au9(PPh3)6(CN t Bu) 2 }(N0 3 )3 
То a solution of 200 mg (0.056 mmol) {Аи9(РРЬэ) }(N03)3 in 20 ml of di-
chloromethane was added 0.1 ml (2 mmol) CN Bu. After 14 days the mixture 
was added to 50 ml diethyl ether, the precipitate was filtered, and 
dissolved in 3 ml of dichloromethane. The solution was chromato-
graphed through a silica column (silica gel 60, 230 - 400 mesh ASTM) and 
eluted with a 0.02 M МНцШз solution in methanol. The first band was eva­
porated to dryness, and the solid redissolved in CH2CI2. The solution 
was filtered and red square pyramidal crystals were obtained by slow 
diffusion of diethyl ether in a CH2CI2 solution. Anal. Caled, for 
AugCiieHïoePeNsOg (M = 3698.76)· С, 38.32;II, 2.94;N, 1.90. Found: C, 37.63; 
H, 2.97;N, 1.85%. IR v(CN) 2175 cm - 1, (К0
э
-) 1360 cm - 1 (Csl pellet). 
^PpHj-NMR 53.3 ppm in ObClj relative to TMP. 
{Au11(PPh3)7(CN
1Pr)2l}(PFe)2 
A solution of 173 rag (0.037 mmol) of {A^ÍPPfubíCN^rh) (N03)2 in 6 ml 
methanol was cooled to -780C and a cold (-780C) solution of 124 mg (0.34 
mmol) Bui,NI m 3 ml methanol was added. After 10 minutes the reaction 
mixture was added to a cold (-780C) solution of 55 mg (0.34 mmol) ΝΗι,ΡΓβ 
m 14 ml ethanol and the orange-red precipitate was filtered off and 
washed with 2 ml methanol. Yield 141 mg. Red crystals were obtained by 
slow diffusion of hexane into an acetone solution. Anal. Caled, for 
AunCiaîHusNjPgFizI (M = 4557.74): Au, 47.54;C, 35.30;H, 2.63;N, 0.61; 
Ρ, 6.12;F, 5.00%. Found: Au, 49.45;C, 35.55;H, 2.60;N, 0.40;P, 6.52;F, 4.71%. 
IR v(CN) 2180 cm - 1 (РРб) 840 cm - 1 (Csl pellet). "PpHj-NMR 52.3 ppm 
relative to TMP in CH2CI2 . Conductivity: Л 0 = 300 Ω
- 1
 era
2
 mol - 1 at 250C 
in acetone. 
Au11(PPh3)6(CN
1Pr)I3 
To a solution of 50 mg (0.015 mmol) of {АидСРРЬз^СМ'ТОг} (ІГО
э
)з in 25 
ml of methanol was added a solution of 50 rag (0.15 mmol) Bu^NI in 25 ml 
methanol. After 5 days the solution was colourless and red crystals 
had formed. The crystals were washed with methanol and dried in vacuo. 
Anal. Caled, for: AuiiC 1 1 2H 9 7NP 6I 3 (M = 4169.61): C, 32.26;H, 2.35;N, 0.34%. 
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Found: С, 3A.13;H, 2.46;N, 0.40%, IR v(CN) 2180 cm l (Csl pellet). ^Ρί'Η}-
NMR 49.2 ppm in CH2CI2 relative to TMP. 
X-ray analyses 
{Au9(PPh3)6(CN1Pr)2}(N03)3 and { А и ^ Р Р Ь э Ы С и Ч і Ь } (N03)3 
Attemps to solve the crystal structures of these compounds by X-ray 
diffraction were not successful. The reflections were recorded in the same 
way as described below for the Аиц cluster. The two compounds appeared to 
have cubic symmetry; systematic extinctions were compatible with Fm3m; 
Ζ = 4; a = 24.08(1) and a = 24.35(1) A for the 1Pr and 'bu compound, 
respectively. Intensity data for Pr (for Bu in parenthesis): measured 
3942 (9840) reflections; after symmetry averaging 135 (297), of which 97 (213) 
observed with I>30 (I) (o from counting statist:cs). The two compounds gave 
almost identical Patterson syntheses, the highest peaks of which were entirely 
consisent with a centered-cubic Aug cluster. Further structure elucidation 
was not possible because of disorder. 
{Au11(PPh3)7(CN
iPr)2I}(PFe)2 
A crystal obtained by recrystallization from an acetone-hexane solution 
was used. Throughout the experiment Μο-Κα radiation was used with a graphite 
crystal monochromator on a Nonius CAD4 single crystal diffTactometer (λ = 
0.71069 X). The cubic unit cell dimensions, a = 37.955(12) X, V = 54677 Â3, 
were determined from the angular settings of 25 reflections with 140< <16С. 
Ζ = 16. The space group was determined to be I53d from the reflection 
conditions: hkl: h+k+l=2n; Okl: k+l=2n; hhl: 2h+l=4n; hOO: h=4n and the 
structure determination. The intensity data of 25505 reflections, (the half 
sphere up to 6=45°), were measured, using the ω-2θ scan technique, with a 
scan angle of 1.10° and a variable scan rate with a maximum scan time of 20 
seconds per reflection. The intensity of the primary beam was checked through­
out the data collection by monitoring three reference reflections every 30 
minutes. The final drift correction factors were between 0.98 and 1.04. 
A smooth curve based on the reference reflections was used to correct for 
this drift. On all reflections a profile analysis was performed; л ' a 
an empirical absorption correction was applied using ψ scans, * у(Μο-Κα) = 
125.2 cm - 1 (correction factors were in the range 0.42 to 1.00). Laue sym­
metry equivalent reflections were averaged, R = Σ(Ι-<Ι>)/ΣΙ = 0.119, 
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resulting m 3112 unique reflections of which 1867 were observed with I>3o(I). 
Lorentz and polarization corrections were applied and the data were reduced 
to IF I-values. An automated combination * of SHELX84 * and DIRDIF ^ was 
0
 _ 
used to investigate all possible space groups (Im3m, I43m, I43d, 1432 and 
І4І32) assuming that the space group can largely be explained by the high 
symmetry of the gold cluster. Only I43m and I43d led to a possible gold 
cluster and expansion in I43d gave the solution of the structure. The 
structure was refined by full-matrix least-squares on |F|-values, using 
SHELX. " Scattering factors were taken from International Tables 29 and 
the effects of anomalous dispersion were included in F by using Cromer and 
Ibers values of Vf' and Vf''. Hydrogen atoms were found in the difference 
о 
Fourier maps and were included in idealized positions at 1.08 A from the 
carbon atom to which they are bonded. 
During the evaluation of the structure it became apparent that the iodine 
atoms and the two isopropylisocyanide groups occupy positions 
related by a crystallographic threefold axis. This disordered situation was 
refined with 1/3 occupancy for the iodine and 2/3 for the isopropylisocyani­
de atoms. The hexafluorophosphate ions were found to be disordered as well; 
the occupancy factors were refined (see table 2) using fixed temperature 
factors. With one PFi present on each P-site of PF£, there are 2\ PF£ ions 
per Лиц cluster. So the P-sites must be partially occupied. The weighted 
sum of the refined occupancy factors gives 16 PFi ions per Аиц cluster, 
which is not very accurate because of disorder and temperature factor 
correlations. There is a chemical evidence for the presence of 2 PFë 
ions per cluster. Isotropic refinement converged to R = 0.063. At this 
stage empirical adsorption correction was applied ^ resulting in a further 
decrease of R to 0.061 (correction factors were in the range 0.888 - 1.044). 
After completion of the isotropic refinement the Bijvoet coefficient was 
calculated ^ resulting in a value of +0.86(5), based on 32 Fnedel pairs, 
showing that the absolute structure is correct. During the final stages 
of the refinement the positional parameters of all atoms and the anistropic 
thermal parameters of the nonhydrogen atoms were refined: the phenyl groups 
were refined as rigid group with standard geometry. 
Due to the disordering effects the bondlenghts of the atoms of the 
28 
isocyanide fragment and those of the atoms of the hexafluorophosphate 
fragments were fixed in normal lenghts. The hydrogen atoms had fixed 
isotropic temperature factors of 0.08 A2. The final conventional agreement 
factors were R = 0.048 and R = 0.062 for the 1867 'observed' reflections 
w 
and 198 variables. The function minimized was Zw (F -F )2with w = 1/ 
o c 
(σ2 (F ) + 0.00016 F 2 ) with σ (F ) from counting statistics. The maximum 
о о о
 6 
shift over error ratio in the last full-matrix least-squares cycle was less 
than 0.5. The final difference Fourier map showed no peaks higher than 
1 e/A3 (found in the neighbourhood of the gold atoms). Plots were made 
with PLUTO.* 
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C H A P T E R 3 
REACTIONS OF GOLD COMPOUNDS WITH CARBON MONOXIDE 1 
INTRODUCTION 
In the previous chapter the synthesis was described of gold clusters 
containing isocyamdes. Since CO and isocyanide are quite similar electro­
nically, we decided to investigate reactions of Au(I) compounds and gold 
clusters with CO. 
Only two gold-CO compounds are known today: Au(CO)Cl 2and Аи2(С0)С1ц э, 
but they are unstable in the presence of moisture even at room temperature. 
As this chapter will show, weak coordination of CO to gold is responsible 
for the rapid reduction of gold compounds to gold clusters. Gold clusters 
are normally synthesized using NaBIU as reducing agent1* or by means of 
evaporation into a phosphine solution.5 The introduction of CO as a reducing 
agent is very interesting in this respect, since CO has shown to be very 
mild and selective. 
During reduction experiments with CO we discovered the formation of 
gold-fulminato (Au-CNO) compounds. The formation of the fulminate is due to 
a complicated reaction involving CH2CI2, which was used as a solvent 
Gold fulminate compounds are very rare. Two types are known, namely the bis^ 
fulminato complex {Au(CNO)2}"
 6
>
7
 and its oxidized form {Au(CN0)2X2}
_ 
(X = Br, I). Na{Au(CN0)2} is obtained from the reaction of АиСІз with 
ethanol and nitric acid, in analogy with the preparation of mercury 
fulminates. 
RESULTS AND DISCUSSION 
Reactions of AuPPhaX with CO 
Whether or not AuPPhaX reacts with CO depends on the character of the 
ligand X. Using strongly coordinated ligands like CI -, SCN- or CN_, no 
reaction can be observed in any solvent. With weakly coordinated ligands 
like NO7, СЮц, ВРц or OAc-, using the solvents EtOH, THF, acetone, toluene 
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or diethyl ether, CO is capable of reducing the gold. The resulting acid 
reaction mixture contains the gold clusters {Аи9(РРЬз)в}3+ and {Aue-
(РРЬэ)7}2+ together with {Аи(РРЬз)2} . The overall reaction can be written 
as in (1). The presence of {ku
e
(??h3)7)z+ is as expected from the 
equilibrium 9 (2). 
10 АиРРЬзХ + 3C0 + ЗНгО 5» {АиэСРРЬэЫХз + {АиСРРЬзЫХ + ЗС02 + 6НХ 
(X = N07, BFï, C10Ï ог ОАс") (D 
{Аи9(РРЬэ)в}
э +
 =
=
: ^ ^ {Аи8(РРЬз)7}
2+
 + {Аи(РРЬз)}+ (2) 
When the reaction is carried out in the presence of NaOH, carbonate can be 
detected in the IR spectrum, indicating the formation of CO2. Although the 
reaction must be very complicated, it is very fast even at room temperature. 
In ethanol an instantaneous brown-colouring can be observed as soon as the 
first CO-bubble is passed through the solution. In solvents like toluene 
or diethyl ether, in which these gold clusters do not dissolve, an 
immediate precipitation of {Аи9(РРЬз)в}3+ and {Аи
в
(РРЬз)7}2+ occurs. 
The reactions with carbon monoxide were mostly performed using enhanced 
CO pressure (= 7 bar) merely for the convenience of a faster reaction. 
The same products, however, could be obtained at a pressure of 1 bar 
using longer reaction times. 
The reduction to gold clusters could also be performed with H2, using 
EtOH as a solvent. In this case the reaction is considerably slower, but a 
better yield of {Аи9(РРЬэ)в}3+ can be obtained. 
It seems likely that the reduction by CO occurs via coordination of CO 
to gold (scheme 1). This is supported by the fact that only gold triphenyl-
phosphines with weakly coordinated ligands react with CO, since CO is 
believed to have only a minor interaction with gold. 
CO + РРЬзАиХ > {PPh3AuC0}
+
 + X" 
(X = BIT, ClOï, ОАс-) 
"PPh3AuH" + C02 + H
+ 
„ _ SCHEME 1 
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An interesting difference in reaction rate is observed between the CO 
reaction with AuPPhsNOa and the CO reaction with {AuCPPhsbJNOs. Where 
AuPPhaNOa reacts rapidly, the bis(phosphine)gold shows almost no conversion 
over a long period of time. In the latter case no free bonding site at gold 
is present and therefore the addition of CO is blocked. When one uses Au-
PPhaCl or AuPPhaCN the same problem arises. Therefore only compounds with 
ligands that can be substituted easily, will react with CO (or H2). After 
addition of CO, a reaction with H2O seems likely, resulting in an oxygen 
transfer from H2O to CO. When the experiment is carried out in absolutely 
dry solvents, no reaction is observed. Because of the generation of HX the 
solution grows strongly acidic. 
The mechanism for the formation of gold clusters is not well understood. 
We suggest that PPhaAu· or PPhaAuH is intermediate. These highly reactive 
species congregate to form larger particles via АигСРРЬз^. The growth of 
the gold cluster is continued as long as the total number of PPhs-ligands 
is less than 8. When this amount is reached, no more room is available for 
additional triphenylphosphines and the growth stops. 9 
Should the rapid formation of gold clusters be absent, the reaction of 
AuPPhsNOs with CO and H2O might result in the formation of hydrogen (3), 
PPhsAuH + H + > {РРЬзАиГ + Hj (3) 
thus completing a catalytic cycle for the water-gas shift reaction 
(scheme 2), operative at room temperature. 
The formation of gold clusters may be blocked by immobilizing {RsPAu} 
on a solid support, or by choosing a very bulky group R. Research on this 
very interesting subject is on the way in collaboration with Pignolet 
(University of Minnesota, Minneapolis, U.S.A.). 
Reaction of АиРРІъШз with CO in CH ?C1 ? 
The reaction with carbon monoxide was also carried out in CH2CI2. 
From AuPPhsX where X = BF^ or CIO^, were formed gold clusters as in other 
solvents. With АиРРЬзШз, however, no gold clusters resulted, instead 
more than 80% of the reaction product consisted of AuPPhaCl, showing that 
the solvent participates in the reaction. The reaction product also 
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RäPAuX 
H2O + CO =» H2 + CO2 
overall 
RjPAuH < - RaPAuCO}-
H+ + CO2 H2O 
SCHEME 2 
contained a small and variable amount (usually between 2 and 10%) of 
AuPPhaCNO. Its yield could be increased by treatment of the crude mixture 
with AgN03 to convert the excess of AuPPhaCl back to AuPPhsNOj. The mixture 
was then again reacted with carbon monoxide. After four such cycles a yield 
of 38% AuPPhaCNO could be isolated. The reaction took place only when 
traces of water were present. Using CH2C12 and starting material both 
carefully dried, no reaction or a very incomplete one occurred. It is not 
known if water is needed in catalytic or stoichiometric quantities. 
To reveal the origin of the carbon atom in the fulminate ligand, the 
experiment was also performed using 13C0. Mass spectrometry showed that 
carbon-13 was present in 13C02 and not in the fulminate ligand. 15N-
labeling of the nitrate resulted in the formation of 15N-labeled 
fulminate (4). 
3C0 + AuPPh315N03 
CI^ÍJIJ 
•^ AuPPhaCl + AuPPh3C15NO + 1 Э С 0 2 (4) 
Formation of the fulminate 
We suggest that the first step in the formation of the fulminate is the 
reduction of AuPPhaNOa to AuPPhaNOj by CO (5). 
CO + AuPPhaNOa 
->· AuPPh3N02 + C0 2 (5) 
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Two reasons for this assumption can be put forward. First, the reaction 
to fulminate also takes place starting from АиРР1іэШ2, and second, when 
the reaction is carried out using H2 instead of CO, АиРРЬэГОг is the 
ultimate product. The fact that АиРРЬэМОг itself is not able to react 
with CH2CI2 to produce fulminate (13C0 experiments mentioned earlier showed 
that the carbon in the fulminate originates from CH2CI2) shows that the 
reaction with CO does not stop at this point. No example for the reduction 
of nitrate by CO is known to us from the literature. Thermodynamically 
this conversion is favourable. 
The further reduction from nitrate to mtrosyl by CO (6) seems likely 
since many examples with various metals like Mn, Fe, Ru, Os and N1 10-1Э 
are known. 
CO + AuPPh3N02 » AuPPhsNO + CO2 (6) 
The mtrosyl compound must be very reactive. Reaction with CH2CI2 could 
lead to formoxin J_ (scheme 3) and АиРРЬэСІ. The hypothetical formoxim 1^ 
CH2CI2 + AuPPhsNO * AuPPhaCl + C1-CH2-N0 
CI V 
4C=NOH 
SCHEME 3 -
is similar to the known formoxims 2^  and З.11* These are formed by treating 
Hg(CN0)2 with HI and CI2 respectively. Compound 2_ is stable m ethereal 
solution below -20oC. Addition of a suitable base, like triethylamine 
н
ч
 ci
s 
C=NOH £=N0H 
l' СГ 
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generates fulmini с acid, HCNO. In our case the role of triethylamine can 
be taken over by AuPPhsNOs, which is a good chloride scavenger (7). 
AuPPhaCl and HNO3 are reaction products that are observed. The last step 
in the reaction sequence could simply be the reaction of HCNO with АиРРЬзШз 
to form the final product AuPPhjCNO (8). 
H \ 
AuPPhjNOa + C=NOH =» HCNO + AuPPhaCl + HN0 3 (7) 
СГ 
HCNO + AuPPhaNO > AuPPh3CNO + HNO3 (8) 
Earlier it was mentioned that the reaction did not run without a trace 
of water. Possibly the reaction needs water only in a catalytic quantity 
and, because no real mechanism is given, the role of water is not apparent. 
Identification of fulminato compounds 
AuPPhaCNO, which is present in small amounts only after reacting АиРРЬзЖ)з 
with CO in CH2CI2 was detected because of its very strong infrared absorp­
tion at 2156 and 1208 cm - 1 and a weaker absorption at 2405 cm - 1. It was 
clear that the compound contained gold, triphenylphosphine and an unknown 
ligand. Experiments with 15N-labeled АиРРЬэЖ)э showed that the vibration 
at 2156 cm - 1 shifted to 2119 cm - 1, whereas the other vibrations remained 
unchanged. This indicated the presence of nitrogen in the unknown ligand. 
The parent peak of the mass spectrum was peakmatched to AuPC^HisNO 
consistent with АиРРЬз with one carbon, nitrogen and oxygen. The fragmen­
tation pattern further indicated the oxygen to be situated on the outside 
of the unknown ligand, because it could be split off. To distinguish between 
the two remaining possibilities isocyanate (-NC0) and fulminate (-CN0), 
AuPPhsNCO was synthesized. Both IR and NMR spectra were totally different. 
from the fulminate. Final chemical proof was obtained when the compound 
could also be synthesized from {Аи(РРЬэ)2}Ж)э and the explosive Na{Au(CN0)2} 
in good yield (scheme 4). The observed IR absorptions could be explained as 
follows: V (CNO) 2156 cm - 1, ν (CNO) 1208 cm - 1 and 2v (CNO) 2405 cm - 1. For 
as s s 
the l5N-labeled compound an IR absorption υ (C15N0) of 2120 cm - 1 could be 
calculated in agreement with the observed value of 2119 cm - 1. 
see safety note on page 50. 
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CO + AuPPhaNOa 5» AuPPhaCl + AuPPhaCNO 
CH 2C1 2 A 
АиСРРЬэЬШэ + Na{Au(CN0)2} 
80% SCHEME 4 
DMF 
Reaction of АиРРЬзНОз with CO without solvent 
Powdered АиРРЬзШэ also reacted with carbon monoxide in the absence of 
solvent. The white starting product turned brown slowly while generating 
C0 2 and nitrous vapours, as proven by mass spectrometry. The resulting 
dark-brown powder showed a single ESR signal with g = 2.004. Possibly a 
paramagnetic species like PPhaAu· (postulated earlier as intermediate 
with CO reduction in solution), is trapped here in a AuPPhsNOj matrix. 
Further ESR work to characterize the paramagnetic species was, however, 
unsuccessful. 
When the brown powder was dissolved in, or contacted with solvents like 
CH2CI2, EtOH, THF, toluene or acetone, an instanteneous formation of several 
gold clusters was observed, loosing its paramagnetic properties. Apart from 
traces of {Аи^РРіізЫ 2 + and {Аи^РРЬзЫ 2 +, the gold clusters {Аи9(РРЬз) }
 3 + 
and {Аиб(РРЬэ)б}2+ were the main products. The speed of the reaction to 
gold clusters indicates that the brown powder contains a highly reactive 
precursor of gold clusters. 
The brown reaction product also contained small amounts of the isocyanato 
AuPPhsNCO. The presence of AuPPhsNCO is interesting, as AuPPh3CN0 is 
completely absent, so its formation by isomerisation from the fulminate 
can be excluded. In the absence of CH2CI2 a further reduction of the АиРРЬз-
N0 may take place, yielding a nitrido compound, which upon addition of 
carbon monoxide leads to the formation of AuPPhaNCO (scheme 5). Isocyanates 
of ruthenium carbonyl clusters have been reported ^ to originate from a 
reaction of nitrosyls with CO, with a nitrido compound as intermediate. 
Such a route could also be operative here. 
The schemes of the reactions in CH2CI2, in inert solvents and the solid 
state are combined in scheme 6. 
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AuPPhsNOa 
SCHEME 5 
CO 
-* АиРРЬэМ02 
-CO
 2 
CO 
-CO, 
АиРРЬзМО 
CH2CI2 ^
 AuPPhaCNO 
CO CO 
Э» ( AuPPh э ) 3 N > AuPPh 3 NCO 
-CO, 
The solid state reaction also yielded a minor quantity of an unknown gold 
compound containing phosphorus (probably triphenylphosphine) with a 3 IP{ 1H}-
NMR shift of 23.5 ppm downfield relative to TMP. In view of the 31P-NMR 
correlation with the electronegativity of ligands (see chapter 5), this 
compound most probably has an oxygen attached directly to the gold. All 
attempts to separate or identify this compound failed. 
The presence of a small amount of water during the reaction of solid 
АиРРЬзГОз with CO increased the yield of { А и ^ Р Р Ь э Ы Э + and {Аиб(РРЬз)6}
2 + 
at the cost of the yield of the unknown compound. The reason for this 
water influence is not clear. Also it is not clear if the unknown compound 
is formed during the solid state reaction with CO, or after contact with a 
solvent. 
X-ray structures of AuPPh3CN0 and AuPPh^NCO 
Final positional and thermal parameters of АиРРЬзСПО and АиРРЬзМСО are 
listed in table 1, with molecular geometry data collected in tables 2 and 3. 
Stereoviews and crystallographic numbering schemes are given in figures 
1 and 2 (molecules in minimum overlap position). The Аи-РРЬз moiety of both 
compounds shows no unusual geometry. The Au-P distances are significantly 
different: AuPPhaCNO: 2.274(4) X and AuPPhaNCO: 2.222(1) Â. 
AuPPh3CNO 
The angles and especially the bond lengths of the fulminate ligand have 
relatively large standard deviations. This is probably caused by the decom-
39 
4k 
О 
AuPPhX со 
3 all solvents 
(х=ао
А
-,вр
д
і 
[AuPPhCOr 
Η* »со. 
^ 
3 
k H 2 0 
" 2 
EtOH 
HNO-
-"AuPPhgH·- -AufPh3)2 gold clusters 
АиРРНзМОз ^ 
C 0
" S i S ^ ΑυΡΡΚΝΟ,^τΑυΡΡΗ,ΝΟ^α^ΑυΡΡΗΧΙ • C b c = N O H 
all cnluent« J L У 3 3 U ^ all solvents 
and solid state reaction 
c o r 
J 
r 
3 
CO 
HNO • AuPPKjCl J 
^AuPPhjNQj 
SCHEME 6 
(АиРРЬз)зМ 
CO 
AuPPh3NCO 
HCNO 
-AuPPhjNQj 
HNQ 
\ 
AuPPh3CNO 
position that took place during the measurements. Difference Fourier 
syntheses showed significant rest-electron densities (up to 2 е/Â3) in the 
neighbourhood of the Au-CNO moiety. Therefore the estimated standard 
deviations are not reliable. Refinement problems were also noted by others 
in solving the structures of AsPhI({Au(CN0)2)} 16 and AgCNO 17, 
the only two other fulminates of which the crystal structures were deter-
mined. To investigate this problem, we exposed crystals of AuPPhaCNO to 
X-ray radiation during 2Д hours. The rotation photographs and the IR spectra 
of the crystal taken before and after the exposure did not show any signi­
ficant changes, indicating that the decomposition product is amorphous and 
has no significant IR absorptions. 
Figure 1: Stereoview of the molecules AuPPhaNCO (I) and AuPPhaCNO (II). 
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Table la: Fractional Positional and Thermal Parameters (with esd's) 
of AuPPhaNCO 
Atom χ y ζ Ueq (*100) (Â2) 
Aul 
PI 
N1 
CI 
01 
СП 
C12 
C13 
C14 
C15 
C16 
C21 
C22 
C23 
C24 
C25 
C26 
C31 
C32 
C33 
C34 
C35 
C36 
0.35397 
0.54131 
0.1844 
0.0847 
-0.0200 
0.6074 
0.5305 
0.5776 
0.7034 
0.7816 
0.7359 
0.5384 
0.4589 
0.4520 
0.5201 
0.5994 
0.6080 
0.6552 
0.6726 
0.7611 
0.8284 
0.8112 
0.7232 
(2) 
(12) 
(5) 
(6) 
(5) 
(5) 
(6) 
(7) 
(8) 
(7) 
(6) 
(5) 
(7) 
(8) 
(7) 
(7) 
(6) 
(5) 
(5) 
(6) 
(6) 
(7) 
(6) 
0.44786 
0.38430 
0.5041 
0.4754 
0.4496 
0.2951 
0.2336 
0.1607 
0.1520 
0.2137 
0.2902 
0.3007 
0.3312 
0.2658 
0.1723 
0.1425 
0.2058 
0.4928 
0.5662 
0.6509 
0.6617 
0.5896 
0.5044 
(2) 
(10) 
(5) 
(6) 
(6) 
(4) 
(5) 
(6) 
(6) 
(7) 
(6) 
(4) 
(6) 
(7) 
(6) 
(6) 
(6) 
(4) 
(5) 
(5) 
(6) 
(6) 
(6) 
0.24246 
0.28241 
0.2060 
0.1908 
0.1749 
0.1848 
0.1238 
0.0513 
0.0394 
0.0986 
0.1714 
0.3975 
0.4757 
0.5637 
0.5725 
0.4946 
0.4064 
0.3010 
0.2203 
0.2298 
0.3168 
0.3962 
0.3893 
(2) 
(10) 
(5) 
(5) 
(5) 
(4) 
(4) 
(5) 
(5) 
(6) 
(5) 
(4) 
(5) 
(5) 
(5) 
(6) 
(5) 
(4) 
(5) 
(6) 
(7) 
(6) 
(5) 
4.335 
3.80 
6.45 
5.18 
9.41 
3.88 
4.86 
5.60 
6.28 
6.26 
5.13 
4.00 
5.94 
6.84 
6.26 
6.80 
5.29 
4.06 
5.23 
6.35 
6.60 
6.92 
5.60 
( 5) 
( 4) 
(20) 
(20) 
(25) 
(14) 
(18) 
(22) 
(24) 
(24) 
(19) 
(15) 
(21) 
(25) 
(23) 
(27) 
(20) 
(14) 
(18) 
(22) 
(24) 
(26) 
(20) 
Table lb: Fractional Positional and Thermal Parameters (with esd's) 
of AuPPhaCNO 
Atom χ у ζ Ueq (*100) (X2) 
Aul 
PI 
Cll 
C12 
C13 
C14 
C15 
C16 
C21 
C22 
C23 
C24 
C25 
C26 
C31 
C32 
C33 
C34 
0.35367 
0.5456 
0.5387 
0.6056 
0.5939 
0.5152 
0.4483 
0.4601 
0.6158 
0.5411 
0.5938 
0.7212 
0.7959 
0.7431 
0.6542 
0.6714 
0.7544 
0.8198 
(4) 
(3) 
(8) 
(8) 
(8) 
(8) 
(8) 
(8) 
(6) 
(6) 
(6) 
(6) 
(6) 
(6) 
(7) 
(7) 
(7) 
(7) 
0.43684 
0.3798 
0.2985 
0.2013 
0.1375 
0.1707 
0.2678 
0.3317 
0.2943 
0.2288 
0.1571 
0.1507 
0.2159 
0.2877 
0.4889 
0.5609 
0.6477 
0.6627 
(3) 
(2) 
(5) 
(5) 
(5) 
(5) 
(5) 
(5) 
(5) 
(5) 
(5) 
(5) 
(5) 
(5) 
(5) 
(5) 
(5) 
(5) 
0.242196 
0.2861 
0.4046 
0.4127 
0.5021 
0.5817 
0.5718 
0.4824 
0.1890 
0.1263 
0.0545 
0.0455 
0.1082 
0.1799 
0.3066 
0.2235 
0.2325 
0.3245 
(3) 
(2) 
(5) 
(5) 
(5) 
(5) 
(5) 
(5) 
(4) 
(4) 
(4) 
(4) 
(4) 
(4) 
(5) 
(5) 
(5) 
(5) 
5.021 
4.48 
4.30 
6.9 
8.5 
6.9 
8.1 
7.4 
4.18 
5.62 
5.6 
6.3 
6.8 
5.50 
4.51 
5.53 
5.74 
7.6 
(12) 
( 8) 
(22) 
( 3) 
( 4) 
( 4) 
( 4) 
( 4) 
(22) 
(28) 
( 3) 
( 3) 
( 3) 
(27) 
(22) 
(24) 
(27) 
( 4) 
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Table lb: (cont.) 
C35 
C36 
Cl 
N1 
Ol 
0.8025 
0.7197 
0.1866 
0.0840 
-0.0295 
(7) 
(7) 
(13) 
(И) 
(12) 
0.5908 
0.5039 
0.4771 
0.4730 
0.4682 
(5) 
(5) 
(10) 
(8) 
(9) 
0.4076 
0.3986 
0.2068 
0.1847 
0.1619 
(5) 
(5) 
(10) 
(7) 
(9) 
7.7 
6.0 
6.4 
6.07 
10.7 
( 4) 
( 3) 
( 3) 
(26) 
( 4) 
Table 2a: Bond Lengths (Ä) with esd's in parentheses of AuPPhaNCO 
Aul-Pl 
Aul-Nl 
N1 -Cl 
Cl -01 
C11-C12 
C11-C16 
C12-C13 
2.222( 1) 
2.006( 5) 
1.147( 8) 
1.189( 8) 
1.368( 8) 
1.397( 8) 
1.387( 9) 
C14-C15 
C15-C16 
C21-C22 
C21-C26 
C22-C23 
C23-C24 
C24-C25 
1.363(11) 
1.412( 9) 
1.384( 8) 
1.370( 8) 
1.395( 9) 
1.346(11) 
1.378(11) 
C25-C26 
C31-C32 
C31-C36 
C32-C33 
C33-C34 
C34-C35 
C35-C36 
1.384( 9) 
1.387( 8) 
1.375( 8) 
1.400( 9) 
1.355(11) 
1.365(11) 
1.398( 9) 
C13-C14 1.369(10) 
Table 2b: Bond Lengths (A) with esd's in parentheses of AuPPhjCNO 
Aul-Pl 2.274( 3) 
Aul-Cl 1.939(14) 
PI -Cll 1.820( 6) 
PI -C21 1.797( 5) 
PI -C31 1.798( 6) 
Cl -Nl 
N1 -01 
1.154(15) 
1.272(15) 
Table 3a: Bond Angles (c) with esd's in parentheses of AuPPhsNCO 
PI -Aul-Nl 179.5(1) C14-C15-C16 121.4(7) C21-C26-C25 119.4(6) 
PI -Aul-Cl 166.2(1) C11-C16-C15 117.2(6) C32-C31-C36 120.2(5) 
Aul-Nl -Cl 142.6(6) C22-C21-C26 119.8(6) C31-C32-C33 119.0(6) 
N1 -Cl -01 177.6(8) C21-C22-C23 119.6(6) C32-C33-C34 120.6(6) 
C12-C11-C16 120.4(6) C22-C23-C24 120.7(6) C33-C34-C35 120.3(6) 
C11-C12-C13 121.2(6) C23-C24-C25 119.5(6) C34-C35-C36 120.5(7) 
C12-C13-C14 119.2(7) C24-C25-C26 121.0(6) C31-C36-C35 119.3(7) 
C13-C14-C15 120.5(7) 
Table 3b: Bond Angles (0) with esd's in parentheses of AuPPhaCNO 
PI -Aul-Cl 
Aul-Pl -Cll 
Aul-Pl -C21 
176.7(4) 
109.7(3) 
113.2(3) 
Cll-Pl 
Aul-Pl 
Cll-Pl 
-C21 
-C31 
-C31 
106.6(3) 
114.6(3) 
107.8(3) 
C21-P1 -C31 104.5( 3) 
Aul-Cl -Nl 162.9(11) 
Cl -Nl -01 179.1(13) 
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AuPPhaCNO (II) (molecules in minimum overlap position). 
The bond lenghts of the fulminate ligand agree well with those in the two 
other fulminates and fulminic acid (see table A). In АиРРЬэСМО the gold-
carbon distance (1.939(14) Â) is slightly shorter than in AsPhJАиССМОЫ 
(2.01(2) A). This can be attributed to a trans effect of the triphenyl-
phosphine. The same effect is observed when the Au-C distances of KAu(CN)2 
and АиРРЬэСМ are compared. Here a shortening is found from 2.12 to 1.85 А. ш 
In case of the fulminate this trans effect is apparently less pronounced. 
Surprisingly the angle Au-C-N in АиРРЬзСМО is 162.9(11)°. One would expect 
this compound to be linear as is found for АзРЬіЛAu(CN0)2}. As a result of 
nonlinearity, the fulminate is isomorphous with the isocyanate. No unusual 
short intermolecular distances are found in AuPPhaCNO. In this respect it is 
interesting that studies on fulminic acid, HCNO, have shown a remarkable 
low energy difference between the linear and bent structures. α 
Table 4: Angles (0) and distances (A) for some fulminato compounds 
Compound 
AuPPhaCNO 
{Au(CN0)2}-
AgCNO 
HCNO 
Au-C-N 
162.9 
179 
C-N-0 
179.1 
178 
180 
M-C 
1.94 
2.01 
2.18 
C-N 
1.15 
1.10 
1.16 
1.17 
N-0 
1.27 
1.25 
1.25 
1.20 
ref. 
this work 
16 
46 
19 
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The 197Au Mossbauer parameters of AuPPh3CNO are listed in table 5. The high 
values for the isomer shift and the quadrupole constant fall in the region 
normally found for linear coordinated Au(I) äD and are close to those found 
for AuPPhaCN. 
AuPPhaNCO 
The metal-mtrogen-carbon angle of 142.6° in AuPPhsNCO is very small. 
To our knowledge it is the smallest angle ever found for metal isocyanato 
compounds, not counting the 128° of AgNCO which has bridging NCO ligands. 2I 
The closest value to this angle is found for the platinum-isocyanato complex 
{Pt(Me2-N-CH2-CH2-N-Me2)(C0NHCH2CH2)Cl)NC0. z (Pt-N-C = 147°). Normally the 
metal-mtrogen-carbon angle is found between 160° and 180°. The bond lenghts 
о 
N-C and C-0 are 1.14 and 1.19 A respectively. They are m the normal ranges 
found for metal isocyanates, N-C = 1.11-1.15 X, and C-0 = 1.18-1.23 X. ^ - 3 1 
The 1 9 7Au Mossbauer parameters are listed in table 5, they fall in the 
region for linear coordinated Au(I) compounds. ^ 
Table 5: 1 9 7Au Mossbauer Data 
AuPPhjCMO 
AuPPh3NC0 
{Au11(PPh3)e(CN0)2}
+ 
Au-site* 
-
-
Au 
с 
Au -Ρ 
Ρ 
Au -CNO 
Ρ 
QS 
9.72 
8.32 
0 
6.5 
6.7 
IS+ 
3.57 
3.08 
2.8 
1.6 
0.5 
rel. intensity 
_ 
-
1.6 
5.4 
1.0 
Au = central gold atom, Au = peripheral gold atom 
IS values relative to l 9 7Pt source. 
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Reactions of {Au9(PPh3)a}(М03)з with CO in CH ?C1 ? 
In comparison with the reaction of АиРРЬэМОз with CO in CH2CI2, reactions 
with {АиэСРРЬэЭе)(КОэ)з * were also carried out. In addition to AuPPhaCl and 
a very small amount (=: 1%) of AuPPhaCNO, three gold clusters were formed, 
with "PpHj-NMR signals at 50.12, 51.43 and 52.53 ppm downfield relative to 
TMP. Only the last signal persisted after a long reaction period. This gold 
cluster was identified as {Аиіі(РРЬз)
в
(СМ0)2}(NO3). The reactive species is 
probably АиРРЬэШэ, present because of equilibrium (2). As its equilibrium 
concentration is small, the reaction will be slow, as observed. The generated 
AuPPhaCNO (4) reacts with (AueiPPhab) (N03)2 to form { А и ц С Р Р Ь з Ы С Ю Ь } -
Ш з . This was verified by reacting two equivalents of AuPPhaCNO with 
{АивСРРЬзЬКМОэЬ directly. {AunCPPhaMCNO^jNOj could be obtained in 
good yield indeed (9). 
2 АиРРЬзСЖ) + {AueCPPhabKNOah ^ {Auii(PPh3)e(CN0)2}N03 (9) 
Vollenbroek et al. s showed that Auц-clusters were formed by the reaction 
of {Аи9(РРЬэ)в}3 with strongly coordinating anions like Cl - and SCN-. 
^ {Аи11(РРЬз)вСІ2}
+ 
•> {Au11(PPh3)e(SCN)2}
+ 
-. {Au11(PPh3)e(CN0)2}
 + 
In fact we were able to carry out the same type of reaction using CNO -
(scheme?). {Аиіі(РРЬз)в(СНО)2} could also be synthesized by reacting 
{Аив(РРЬэ)8}2+ with NaiAu(CN0)2} and by reacting {АивСРРЬзЫ (М0з)2 with 
AuPPh3CN0 (scheme 8 ) . Although it was possible to obtain crystals of 
{Aui1(PPh3)e(CN0)2}N03, we were unable to perform an X-ray crystal structure 
determination because of twin-crystal problems. The fulminate absorption of 
{Аиіі(РРЬз)в(С№Э)2}+ is found at 2135 cm - 1 (medium intensity and somewhat 
broader than the fulminate absorption of AuPPhaCNO). 
Cl~ 
{Аи 9(РРЬз)в} 3 + ^ 
X ^ CNQ-
SCHEME 7 
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{Аи9(РРЬэ)вШ0з)э + СО 
О Н 2 ^ 1 2 
{Аив(РРЬэ)в}(НОз)2 + Na{Au(CN0)2} 
{Аив(РРЬэ)7}(К0з)2 + AuPPhjCNO — 
-4» {Auii(PPh3)e(CNO)2}N03 
SCHEME 8 
The l 9 7Au Mossbauer spectrum of {Au11(PPh3)e(CN0)2}
+
, shown in figure 3 
could be fitted with 5 lines for three gold sites (see table 5); a central 
gold with a single resonance line at IS 2.8 mm/s, and two peripheral gold 
sites with quadrupole pairs centered at IS 1.6 (Au-PPhs) and IS 0.5 mm/s 
(Au-CNO). These data agree well with those of other Аиц clusters (see 
tabue 1 chapter 2). 
Figure 3. 1 9 7Au Mossbauer spectrum of {Auiі(РРЬз)в(СИ0)2}
+
. 
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EXPERIMENTAL 
Instrumentation 
С, H and N analyses were carried out in the micro-analytical department 
of the University of Nijmegen. The other analyses were measured by Dr. A. 
Bernhardt, Elbach über Engelskirchen, West-Germany. Molecular weights were 
determined in acetone at 370C by using a Knauer 11.00 vapour pressure osmo-
meter. Electrical conductivity measurements were performed with a Metrohm 
Konduktoskop using a Philips PR 9510/00 conductivity cell at 250C. ^P^Hj-NMR 
spectra were recorded on a Varian XL 100 FT at 40.5 MHz; infrared spectra on 
a Perkin-Elmer 283; mass spectra on a VG 7070 E spectrometer. All materials 
were of a reagent quality. NH^NOa was obtained from Duphar, 1 ЭС0 from 
Stohler. Na{Au(CN0)2} was prepared according to the literature. 6 
Preparations 
Preparation of AuPPhaX (X = N0 2, NC0) 
The general procedure for the synthesis of АиРРЬзХ is as follows: 
A suitable salt of the ligand X is dissolved in methanol in large excess 
(2 g of NaN02 in 400 ml of MeOH; 1.2 g of K0CN in 200 ml of MeOH). To this 
is added a solution of 500 mg (0.96 mmol) of AuPPhaNOa in 200 ml of MeOH. 
After the mixture is allowed to stand for one hour, a double volume of water 
is added, upon which the product precipitates. The yields are quantitative. 
AuPPhaNCO 
AuPPhaNCO crystallizes as white needles and can be purified by slow dif­
fusion of hexane into a CH2CI2 solution. Anal. Caled, for CigHisAuPNO 
(M = 501.273): C, 45.5;H, 3.0;N, 2.8. Found: C, 45.6;H, 3.0;N, 2.8%. 
^PpHj-NMR (CH 2C1 2): a broad singlet (linewidth 20 Hz, room temperature) 
at 29.04 ppm downfield relative to TMP. IR (Csl pellet): 2204 cm - 1 (broad, 
very strong): 2146 cm"1 (sharp, strong); 385 cm - 1 (broad, medium) and peaks 
originating from PPhs. In CH 2C1 2 solution, only one peak at 2210 cm
- 1 
(broad, very strong) is observed. The TR absorptions are consistent with 
literature values. 3 3 · 3 ' Melting point: 202oC. Peakmatching of the parent 
mass peak: found: m/e 501.0552; caled.: m/e 501.0557. 
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AuPPhsNOj 
The white powder obtained from the reaction is recrysLallized by slow 
diffusion of hexane into a CH2CI2 solution, resulting in colourless rectan­
gular crystals. Anal. Caled, for CleHi5AuPN02 (M = 505.269): C, U2.8;}i, 3.0; 
N, 2.8. Found: C, A3.2;H, 3.0;N, 2.7%. "Pi^J-NMR (CHzClj): 24.54 ppm (sing­
let width 3 Hz) downfield relative to TMP. IR (Csl pellet): 1230 cm-1(broad, 
strong), 1040 cm - 1 (broad, strong); 370 cm - 1 (broad, medium) and bands 
originating from PPha. The nitrite slowly decomposes under the influence of 
light and increased temperatures. 
AuPPh315N03 
The same procedure is used as with the isocyanate and nitrite salts, using 
an excess of 5 equiv. of NH,,15N03. The resulting product is not purified 
further. In the infrared spectrum the nitrate absorptions are observed at 
1495, 1340 and 1250 cm - 1, all about 20 cm - 1 lower than the bands of the 
free ion ^ Ш з . 
Preparation of AuPPhsCNO 
(1) From AuPPhsNOa 
A 200 mg (0.38 mmol) sample of АиРРЬзШэ is dissolved in 20 ml of CH 2Cl 2. 
About 250 ml of C0-gas is passed through the solution and the reaction 
vessel sealed. After being stirred for one hour, the reaction mixture contains 
10 to 38 mg AuPPhaCNO and 160 to 170 mg of AuPPhaCl. This yield can be in­
creased by converting the AuPPhaCl back to АиРРЬэШз by treatment of the 
product with 2 equiv. of AgNOa in methanol, as with the synthesis of АиРРЬэ-
Ш э . After AgCl and excess AgNOs are filtered off, the crude mixture is re-
dissolved in CH2CI2 and CO is passed through the solution again. In this 
way the reaction with CO is performed in 4 cycles. The crude reaction 
product is filtered off over silica gel with diethyl ether to remove small 
amounts of gold clusters and gold bis(phosphine). АиРРЬэСШ is isolated by 
chromatography over a silica gel column using toluene for the elution of 
AuPPhaCl followed by diethyl ether to recover all AuPPhaCNO. Yield 38%. 
(2) From AuiPPhabNOa and Na{Au(CN0)2} 
A 19.8 mg (0.065 mmol) sample of NaUuiCNOb) is dissolved in 20 ml of DMF. 
To this is added slowly a solution of 51 mg (0.065 mmol) of Аи(РРЬэ)2Шэ in 
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20 ml of DMF with stirring. The white product is precipitated by adding 
water and is filtered off. Yield 80%. 
AuPPhsCNO can be recrystallized by slow diffusion of hexane into a CH2CI2 
solution. Anal. Caled, for CjgHisAuPNO (M = 501.273): C, A5.5;H, 3.0;N, 2.8. 
Found: C, 45.5;H, 3.0;N, 2.8%. "Pi^J-NMR (CH 2C1 2): singlet (linewidth 6 Hz) 
at 36.25 ppm downfield relative to TMP. IR (Csl pellet): 2405 cm"1 (sharp, 
weak), 2156 cm - 1 (sharp, very strong), 1208 cm_1(sharp, very strong), 332 cm - 1 
(weak) and peaks originating from РРЬз. Melting point : 174 - 174.50C. 
Mass spectrum (FAB): m/e 501 (M +); 486; 459. Peakmatching: caled.: m/e 
501.0557; found: m/e 501.0564. AuPPhaCNO does not explode by stroke or 
Safety note: Pure Na{Au(CN0)2} explodes with a sharp bang when heated. 
Otherwise the compound is fairly stable with no considerable decomposition 
at room temperature during one day. The compound did not detonate by stroke. 
Preparation of {Aui liPPhaMCNObJNOa 
(1) From {Аи 9(РР1із)вШ0з)з 
A 250 mg (0.062 mmol) sample of {Au9(PPh3)B} ( Ш з ) э is dissolved in 40 ml 
of CH2CI2 and placed under 7 atm of CO-pressure at room temperature in the 
dark for three weeks. During this time the colour changes from red-brown to 
orange-red and some gold metal precipitates. After filtration and evapora­
tion to dryness, the orange-red product is purified by chromatography through 
a Sephadex LH-60 gel filtration column using acetone as eluent. Yield 18% 
calculated on gold. 
(2) From {Au
e
(PPh3)e}(N03)2 
A 110 mg (0.029 mmol) sample of {Au
e
(PPh3)e}(N03)2 is dissolved in 20 ml 
of DMF. To this is added slowly a solution of 8.8 mg (0.029 mmol) Na{Au(CN0)2} 
in DMF with stirring. After half an hour water is added and the precipitate 
filtered off using Kieselguhr. The purification is carried out as described 
above. Yield 24% calculated on gold. 
(3) From {Aue(PPh3)7}(N03)2 
50 rag (0.014 mmol) {Аи
в
(РРЬ 3) 7}(Шз) 2 and 15 mg (0.028 mmol) АиРРЬзСМО 
are dissolved in 2 ml of СНгСІг. After standing for two weeks in the dark, 
the reaction is complete. The purification can be conducted as above by 
chromatography over Sephadex LH 60 using acetone as eluent. Yield 41% cal­
culated on gold. 
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{Аиц(РРЬэ) ((Ж))2}К0э can be recrystallized by slow diffusion of hexane 
into a CH2CI2 solution, giving red parallelepipeds. Anal. Caled, for 
C^üHiïoAuiiNaOsPe (M = 4411.02): С, 39.8;H, 2.7;N, 1.0;P, 5.6;0, 1.8; 
Au, 49.1. Found: С, 39.5;H, 2.7;N, 1.0;P, 5.6;Au, 49.4%. Molecular weight 
determined in an acetone solution by using an osmometric pressure procedure 
is 4400, assuming an 1:1 electrolyte. The electrical conductivity measured 
in MeOH at 250C and 10 - 3M dilution is Л = 112 Ω - 1 cm2 mol - 1 consistent with 
a 1:1 electrolyte of mass 4400. "P^HJ-NMR (CHjClz): sharp singlet at 42.53 
ppm (linewidth 3 Hz) downfield relative to TMP. IR (Csl pellet): 2137 cm - 1 
(broad, medium) and bands originating from РРЬз· 
General procedure for the reduction of AuPPhsNOn by CO or H2 
A 500 mg (0.96 mmol) sample of AuPPhaNOa is dissolved in 250 ml of EtOH. 
During half an hour a slow stream of CO or H2 is passed through the solution, 
after which the reaction vessel is sealed. An instanteneous brown-colouring 
can be observed with CO, whereas H2 reacts considerably slower. The CO 
reaction is complete after this time and the product can be worked up 
according to the normal synthesis of {Аи9(РРЬз)8} (N03)3 using NaBHi,.
 ц 
The H2 reaction mixture must be stirred for several days before work-up. 
Yields: with CO: 45%, with H2: 60% calculated on gold. 
The reaction of АиРРЬзШз with CO without solvent 
A 200 mg (0.38 mmol) sample of powdered АиРРЬэШз is placed under 8 bars 
of carbon monoxide pressure for two weeks. The white starting material 
turns brown slowly (visible after half an hour), ending up dark brown 
after two weeks. 
Separation of AuPPhsNCO 
The resulting solid is extracted twice with about 400 ml of diisopropyl 
ether, and the extract is then filtered through a silica gel column, 
absorbing all excess of АиРРЬэШз. After evaporation, about 5 mg of a white 
solid remains, consisting of AuPPhsCl and AuPPhsNCO according to the infra­
red spectrum and parent mass peakmatching. АиРРЬзСІ was found to be a 
minor impurity in the starting material. The product can be purified by 
recrystallization from CH2CI2-hexane; a completely pure isocyanate cannot 
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be obtained, however. 
Separation of {AueiPPha b ) (N03)2 
The same procedure of reacting 200 mg of powdered AuPPhsNOa with CO 
is used, but with the addition of a small amount (0.01 ml) of H2O. 
The resulting dark-brown powder is extracted twice with 50 ml of toluene 
to remove excess АиРРЬзМОэ. Most of the {АиэСРРЬэЫ (Шэ)э (about 50 mg) 
remains after a twofold extraction with acetone. The extract is run through 
a column of silica gel with ether to remove all AuPPhaNCO, and collected 
by eluting with a 0.025 M NH^NOa solution in EtOH. {Аиб(РРЬэ)б}(N03)2 can 
be obtained by crystallization from CEzClz/ether or by preparative HPLC 
using a silica C-8 reversed phase column with a 335/120/1 EtOH/foO/NPUNOa 
(w/w) mixture as eluent. Yield 125 mg (60% calculated on gold). 
Anal. Caled, for CmeHooAuePe^Oe (M = 2879.59): C, 45.0;H, 3.2;N, 1.0. 
Found: C, 44.1;H, 3.2;N, 1.6%. Molecular weight determination (acetone): 
2500, assuming a 1:2 electrolyte. The electrical conductivity measured in 
MeOH at 250C and 10"ЭМ dilution is Л = 222 Ω - 1 cm2 mol - 1, consistent with 
an 1:2 electrolyte of mass 2880. 31P{lH}-NMH (CH2CI2): sharp singlet at 54.76 
ppm (linewidth 3 Hz) downfield relative to TMP agreeing with other data. s 
IR (Csl pellet) only shows bands of free nitrate (1360 cm - 1) and PPhs. 
The cell dimensions of the unit cell of {Аи6(РРЬэ)б}(N03)3 agree with 
those reported by Mingos et al.36 
The remaining 25 mg of impurities consist mainly of {Аи(РРЬэ)2}(NO3) 
and an unknown compound with a 31P{1H}-NMR signal at 23.5 ppm downfield 
relative to TMP. 
Mass spectrometric gas analysis of the reaction of powdered АиРРЬэШз 
with 1 3C0 shows the following masses: 47(HN02), 46 (N0 2), 45 (^СОг), 
31 (HNO), 30 (N0) and 29 ( 1 3C0). 
X-ray structure determinations 
A summary of crystal and intensity collection data is presented in table 
6. The intensity of the primary beam was checked throughout the data collec­
tions by monitoring three reference reflections every 30 minutes. The final 
drift correction factors were АиРРЬэНСО(І) between 1.00 and 1.03 and for 
АиРРЬзСКО(ІІ) between 1.00 and 1.68. A decline in the intensities of 3% 
for I and 68% for II occurred over the course of the data collection. 
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Table 6: Summary of Crystal and Intensity Collection Data 
Compound 
Temperature, К 
Appearance 
Crystal system 
Space group 
Cryst. dimens., 
Cell parameters 
a, A 
b, X 
c, X 
V, X' 
Ζ 
d(calcd.), gem-3 
U, cm-1 
Formula 
F(000) 
F 
w 
Diffractometer 
Radiation 
Wavelength, A 
Scan type 
Range in 2Θ, de 
mm
3 
B-
No. of. obsd. reflcns^ " 
Empirical abs. 
range cor. fact 
No. of obsd. re 
ors 
flenst 
Bijvoet coefficient 
Number of Friedelpairs 
Empirical abs. 
after isotropic 
range cor. fact 
cor. * 
refin. 
ors 
AuPPhaNCO 
298 
colourless 
rectangular 
orthorhombic 
Vigili 
0.47 x 0.12 x 0.17 
10.782(1) 
12.007(1) 
13.077(1) 
1682.9 
4 
1.97 
89.9 
AuC19Hi5N0P 
952 
501.27 
Nonius CAD4 
ΜοΚα 
0.71069 
ω-2θ 
0-70 
16015 
0.72 - 1.00 
4473 
+0.99(2) 
843 
0.69 - 1.14 
AuPPhjCNO 
298 
colourless 
rectangular 
orthorhombic 
ргіг^! 
0.50 x 0.14 x 0.22 
10.891(1) 
12.169(1) 
12.871(1) 
1705.7 
4 
1.95 
89.8 
AuCigHisNOP 
952 
501.27 
Nonius CAD4 
ΜοΚα (graphite/monochromated) 
0.71069 
ω-2θ 
0-60 
10399 
0.87 - 1.00 
2743 
-0.98(2) 
498 
0.66 - 1.12 
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Table 6: Summary of Crystal and Intensity Collection Data (cont.) 
AuPPhsCNO Compound 
Refinement by full-
matrix least squares 
no of parameters 
R* 
R 
AuPPhsNCO 
253 
0.032 
0.037 
67 
0.043 
0.050 
t Space group symmetry-equivalent reflections were averaged, R. = 
Σ(Ι - <Ι>)/ΣΙ = 0.044 (I), 0.015 (II) respectively, resulting in 
7442 (I) and 4959 (II) unique reflections, respectively, of which 
4473 (I) and 2743 (II), respectively, were observed with Ι>3σ(Ι). 
The function minimized was Iw(F0 - F ) with, in both cases, 
с 
w = (ö(F0) + 0.0004 F 0 2 ) - 1 with a(Fo) from counting statistics. 
Smooth curves based on the reference reflections were used to correct for 
this drift. The reliability of the correction for II was proven by the 
subsequent averaging of symmetry equivalent reflections and the result of 
the structure determination. On all reflections profile analysis was per-
formed " t * ; empirical absorption correction was applied, using psi-scans,* 
Lorentz and polarization corrections were applied and the data were reduced 
to |F0|-values. 
Solution and refinement of the structure 
For each structure the gold atom was found from the Patterson syntheses. 
The non-hydrogen atoms were found with DIRDIF. ^ The structures were refined 
by full-matrix least-squares on |F|-values, using SHELX. Ц1 Scattering 
factors were taken from International Tables, ** and the effects of anomalous 
dispersion were included in F by using Cromer and Ibers * values of V f' 
V f ' . Hydrogen atoms were found in the difference Fouriermaps and were 
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included in fixed idealized positions at 1.08 A from the carbon atom to 
which they are bonded. After completion of the isotropic refinement empirical 
absorption corrections were applied ад and the Bijvoet coefficients were 
calculated * showing that the absolute structure for I is correct. The 
structure for II was converted before continuing the refinement. During 
the final stages of the refinement the positional parameters and the aniso­
tropic thermal parameters of the non-hydrogen atoms were refined: the 
phenyl groups of II were refined as rigid groups with standard geometry 
(C -C: 1.40 А, С - H: 1.08 X). The hydrogen atoms had fixed isotropic 
temperature factors of 0.05 A 2. In each case the final difference Fouriermap 
showed no peaks higher than 2.0 e/A3 around the gold atom. Plots were made 
with PLUTO. ^ 
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C H A P T E R 4 
HETEROMETALL IС Pt-Au COMPLEXES WITH u-S BRIDGING 1 
INTRODUCTION 
For the preparation of gold clusters we developed procedures using the 
evaporation of gold and its subsequent reaction in a cold solution of 
appropriate ligands. As heterometallic complexes and mixed metal clusters 
have attracted wide attention in recent years and many compounds containing 
gold in a variety of unusual geometries are known now, 2 - 5 we were engaged 
in the synthesis of mixed metal clusters by the metal evaporation technique. 
The ligating properties of {Fe2(u-S)2(C0)6}
 2 _
 and Pt2(u-S)2(PPh3)i( are well 
investigated,^7 and they act as bidentate ligands towards other metal ions 
to form heterometallic complexes. 
Mingos et al. 7 described the potential and versatility of Pt2(p-S)2(PPh3)i) 
as a bidentate ligand and illustrated this for Pd2 and Hg 2 compounds. 
Our efforts to prepare mixed Pt-Au clusters by the reaction of gold vapour 
with cold solutions of Pt2(y-S)2(PPh3)i, were unsuccessful. Some heterometal­
lic gold platinum complexes, however, were prepared in this way. The pro­
perties and stucture of three of these compounds were determined and are 
reported here. 
RESULTS AND DISCUSSION 
Pt2(PPh3)i((u-SAuCl)2 is formed when metallic gold is evaporated into a 
toluene solution containing BuitNCI and Pt2(u-S)2(PPh3)1(. Using FAB-MS 
techniques, the product precipitated from the toluene solution, showed a 
peak pattern around a maximum intensity of 1966 mass units. The isotope 
ratio of this pattern was identical to a computer simulation of the formu­
lation Pt2(PPh3)i)(y-SAuCl)2. The reaction path in the metal evaporation 
The reaction path in the metal evaporation experiment is unknown. The 
oxidation of the gold to Au(I) may be due to traces of air or water in the 
apparatus. 8 · 9 Interestingly we found that neither AuCl nor Au(CO)Cl reacted 
with Pt2(u-S)2(PPh3)i,, the solubility of AuCl being too low and the rate of 
decomposition of AuCOCl into AuCl and CO being too high. The gold evaporation 
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method therefore is the only synthetic route to РІ2(РРЬз)ц(и-5АиС1)2 at this 
moment. 
The crystal structure determination shows Pt2(PPh3)i((lJ-SAuCl)2 to have a 
Czh symmetry in good approximation with the Pt-Pt vector as the local two­
fold axis. The hinged squares present in the parent compound РІ2(р-3)2(РРЬз)1( 
are bent to a flat structure with a planar P2PtS2PtP2 frame (see fig. 1A). 
The Pt atoms are 0.015 A out of the least-squares plane through the 4 Ρ and 
the 2 S atoms, one Pt below and the other above that plane (see fig. 2). 
Au is linearly coordinated (S-Au-Cl angle is 174.2°). The angle Au-S-Pt is 
84.0° and Au-S-Pti is 87.7°, the lowest angle of 84.0° corresponds with the 
Pt atom that comes up from the РцЗг-рІапе in the direction of the Au atom, 
the Au-Pt distance is 3.111 1 as compared with 3.28 Â for the Au-Pti distance. 
This interesting detail in the molecular structure, which indicates a weak 
Pt-Au bonding interaction (fig. 2), is especially apparent when compared with 
the structure of the analogous bis-S-alkylated compounds Pt2(PPh3)2(N02)2-
(u-SMeb * and {Pt2(PnPr3)^(u-SEt)2}2+ u . Both have a hinged square-planar 
geometry with hingo angles (that is the dihedral angle between the local 
coordination planes) of 140° and 130° respectively. The Pt-S-C angles are 
in the range 110 - 140°, the alkyl groups bending away from the hinge. 
In the Pt-Au compound described here the bond angles on the S atoms are 
close to 90°. M0 calculations u have shown that the energy involved in the 
hinging of coordination squares is relatively small and that subtile elec-
tronic and crystal packing effects determine the actual hinge angle. 
PI _Р2 
O-o 
OPS 
О 
Aul 
Figure 1. Molecular configuration and atomic numbering scheme for 
A) РІ2(РРЬз)ц(и-ЗАиС1)2-2СН2С12 (II) 
B) {Рі2(РРЬзЫи-3)(и-8АиРРЬэ)}М0з-еН20 (IV) 
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Figure 2. The Pt-Au interactions indicated in a schematic figure 
of the molecular structure of PtatPPhsMu-SAuClb. 
When a suspension of PtadJ-S^iPPha)!, in THF is treated with 1 equivalent 
of AuPPhsNOa, ^гСРРЬэМи-ЗХи-ЗАиРРЬэНШз is obtained as yellow crystals. 
Conductivity measurements in DMSO (Ло = 49.5 Ω - 1 cm2 mol - 1 at 250C) and 
the infrared spectrum (free nitrate at 1360 cm - 1) are in agreement with the 
results of a single-crystal X-ray analysis. ^2(РРЬз)і((и-8)(у-ЗАиРРЬэ)}
 + 
shows to have a hinged square-planar geometry with a hinge angle of 135° 
(see fig. IB). The rather long Pt-Pt (3.279 Ä) and Pt-Au (3.314 and 3.231 I) 
distances give no evidence for metal-metal bonding. The Au-S distances 
2.345 Â and 2.959 Â indicate that Au is coordinated to one of the S atoms 
only. In these respects it resembles the methylated {Pt2(PPh3)^(p-S)(u-SMe)}+, 
which has a hinge angle of 138°. 13 In contrast the Pd and Hg analogues 7 
show coordination to both S atoms, making Pt2(y-S)2(PPh3)i) a bidentate 
ligand. The gold atom in {PtîiPPluMu-SXy-SAuPPha)}+ , however, is linear 
coordinated (S-Au-P angle is 168.6°). The Pt^S-Pta angle is 87.6°, quite 
near to that in the forementioned methylated compound (88.9°). 
The methyl group in this compound is bended away from the hinge; Pt-S-C 
angles being 104.0° and 100.2°. 7 The S-Au vector of {Pt2(PPh3)lt(u-S)-
(y-SAuPPhJ)}+, however, is nearly perpendicular to the Pt-S-Pt plane, the 
Pt-S-Au angles are 86.7° and 89.1°. 
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The methyl group in this compound is bended away from the hinge; Pt-S-C 
angles being 104.0° and 100.2°. 7 The S-Au vector, however, of {Pt2Pu(U-S)-
(y-SAuP)}+ is nearly perpendicular to the Pt-S-Pt plane, the Pt-S-Au angles 
are 86.7° and 89.1°. 
{РІ2(РРЬз).,(и-5АиРРЬз)2}(И0э)2 is formed when a suspension of Pt2(y-S)2-
(РРЬэ)ц in THF is treated with 2 equivalents of АиРРЬэШз. The composition 
was established by analyses, conductivity measurements (Ло = 59.2 Ω - 1 cm2 
mol - 1 in DMSO, 25°C) which agrees with an 1:2 electrolyte and the molar 
weight determination. We suggest that the complex is built up in the same 
way as Pt2(PPh3)^(u-SAuCl)2 with a planar P2PtS2PtP2 frame and a linear 
coordinated gold atom on each side of that plane. The comparison of the 
chemical shifts of the 3lP{1H}-NMR spectra of the three complexes (table 1) 
suggest a resemblance between the structures of {РІ2(РРЬэ)11(и-ЗАиРРЬз)2}
2 + 
and Pt2(PPh3)11(u-SAuCl)2. 
The Au-Pt compounds described in this paper are in general inert to CH2CI2, 
which is noteworthy as the parent Рі2(у-3)2(РРЬз)ц reacts with CH2CI2 to 
form S-methylated {PtsiPPhsMy-SXu-SCIbCl)}+ . 10 
In the reaction of one equivalent or an excess of АиРРЬзСІ with Pt2(11-8)2-
(РРЬэ)і, only {Pt2(PPh3)1((u-S)(u-SAuPPh3)}
+
 is formed, while the reaction 
of {Рі2(РР1із)й(и-ЗАиРР1і
э
)2}(М0з)2 with CI" ions yields {РігСРРЬэЫУ-З)-
(U-SAuPPhs)} and АиРРЬзСІ. Obviously CI - is successful in competing with 
{Pt2(PPh3)^(U-S)(y-SAuPPh3)}+ for AuPPha while NO3 - is not. 
Table 1 31P-NMR data of the complexes II - IV 
Ptz tPPhäMu-SAuClb I I 
{Pt2(PPh3).(U-S)(u-SAuPPh3)2}(N03)2 I I I 
{Pt2(PPh3).,(U-S)(l]-SAuPPh3)}N03 IV 
P, PtPPha 
(ppm) 
18.88 
18.80 
17.95 
P, АиРРЬз 
(ppm) 
32.90 
29.22 
M (PtP) 
(Hz) 
3030 
2900 
2990 
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EXPERIMENTAL 
Instrumentation 
С, H and N analyses were carried out in the microanalytical department 
of the University of Nijmegen. The other analyses were performed by Dr. A. 
Bernhardt, Elbach über Engelskirchen, F.R.G.. Molecular weights were deter-
mined using a Knauer 11.00 vapour pressure osmometer at 37°C. Electrical 
conductivity measurements were performed with a Metrohm Konduktoskop and a 
Philips PR 9510/00 conductivity cell at 250C. "P^HJ-NMR spectra were re-
corded on a Varían XL 100 FT at 40.5 MHz, infrared spectra on a Perkin-
Elmer 283 spectrophotometer and mass spectra on a VG 7070 E spectrometer. 
All materials were of reagent grade. 
Preparations 
I Pt2(u-S)2(PPh3)., 
Prepared as described by Ugo et al. Ά , from Рі(РРЬэ)э and 2 equivalents 
of sulphur. 
II Pt2(PPh3)4(p-SAuCl)2 
Using the rotary metal evaporation apparatus e, 100 mg Au was evaporated 
into 200 ml of toluene containing 100 mg of Pt^y-S^CPPhs)!, and 50 mg of 
of BuitNCl at -1000C, resulting in a black slurry. After warming up and stir­
ring for 2 hours at room temperature a black precipitate is filtered off 
and the yellow solution is evaporated to about 50 ml. On standing for 24 
hours yellow crystals were formed. Yield 10% calculated on Рі2(ц-3)2(РРЬэ)і,. 
Mass spectrometry: using FAB techniques a parent peak pattern was found 
around a maximum intensity at 1966 and the isotope ratio was identical with 
the computer simulation for the formulation РІ2(РРЬэ)і)(и-5АиС1)2. 
Crystals suitable for X-ray analysis could be obtained by slow diffusion 
of diethyl ether into a dichloromethane solution. The crystals were cracked 
by drying due to loss of СНгСІг. Anal. Caled, for C72H6oAu2Cl2Pt2S2P2 (M = 
1968.32): Au, 20.02;Pt, 19.81;S. 3.25. Found: Au, 19.70;Pt, 19.85;S, 3.07%. 
The IR spectrum is the same as that of Pt2(p-S)2(PPh3)1( except for a weak 
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Au-Cl stretching band at 330 cm - 1, "PpHj-NMR in CH 2C1 2 relative to TMP: 
18.88 ppm, MCPtP): 3030 Hz. 
I I I {PtjCPPhs^Cu-SAuPPhabKNOsb 
To a suspension of 100 mg of РІ2(и-5)2(РРЬэ)ц in 35 ml THF a solution of 
68 mg of АиРРЬзШз (molar ratio 1:2) in 5 ml THF was added with stirring. 
With nearly 1 equivalent added, the solution became clear yellow and by 
adding more a beige product precipitated. The product was filtered off and 
washed with THF and diethyl ether and dried under vacuo (yield 150 mg, 90%). 
Anal. Caled, for CloeH<,oAu2Pt2N206P6S2 (M = 2546.01): C, 50.95;H, 3.54; 
N, 1.10;Au, 15.47;Pt, 15.33;S, 2.52. Found: C, 49.51;H, 3.41;N, 0.99;Au, 
15.55;Pt, 15.30;S, 2.49%. Conductivity: 59.2 Ω"1 cm2 mol - 1 in DMSO at 250C; 
molecular weight determination 3000; "P^HJ-NMR m CHzClj relative to TMP: 
18.80 ppm (4P, PtPPhj), MiPtP): 2900 Hz, 32.90 ppm (2P, AuPPha). 
IV {Pt2(PPh3)1,(u-S)(y-SAuPPh3)}N03-lH20 
a) When a solution of 17.5 rag of AuPPhaNOa (0.03 mmol) in 2 ml of THF was 
added to a suspension of 50 mg of РІ2(М-5)2(РРЬЭ)І
І
 (0.03 mmol) in 8 ml of 
THF, a clear yellow solution was formed within 15 minutes and after 24 hours 
yellow crystals precipitated. The crystals suitable for an X-ray analysis 
were filtered off, washed with 2 ml of THF and diethyl ether and dried in 
vacuo. Yield 18 mg, 25%. Anal. Caled, for CsoH^AuPtzNOaPsSz-lHjO (м = 
2033.75): С, 53.31;H, 3.77;N, 0.69;Pt, 19.18;Au, 9.69;P, 7.61;S, 3.15. Found: 
C, 53.16;H, 3.83;N, 0.71;Pt, 19.20;Au, 9.88;P, 7.55;S, 3.06%. Conductivity: 
49.5 Ω - 1 cm2 mol - 1 in DMSO at 250C. ^ΡΓΗΪ-ΝΜΚ in CH 2C1 2 relative to TMP: 
17.95 ppm (4P, PtPPhs), lJ(?tV):2990 Hz, 29.22 ppm (P, AuPPha). 
In a similar procedure but using АиРРЬзСі instead of АиРРЬэИОэ, {Pt2(PPh3)i(-
(U-S)(u-SAuPPh3)}Cl was obtained. Excess of AuPPhsCl did not yield any other 
product. 
b) When 50 mg of metallic gold was evaporated in 100 ml toluene containing 
100 mg Рі2(и-3)(РРЬз)ц and 50 mg РРЬз a black-brown slurry was formed. To 
this slurry was added 100 ml of dichloromethane and after one hour the dark 
solid was filtered off and the brown solution was concentrated by evaporation 
to 50 ml. After one day a red-brown precipitate was formed. The precipitate 
was filtered off and washed with 50 ml of THF. The " P t ^ - N M R spectrum of 
the soluble part of the precipitate in CH2CI2 showed {Pt2(PPh3)i,(u-S)(u-SAu-
РРЬэ)}+ as the main product. 
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Crystal structure determination 
II Рі2(РРЬэ)ц(и-ЗАиС1)2-2СН2СІ2 and IV {PtziPPhaMu-SKu-SAuPPhs^NOs-ÌHsO 
Suitable yellow crystals of II and IV were used for the measurements. To 
prevent cracking by loss of CH2CI2 the crystal of II was mounted in a glass 
capillary with solvent throughout the experiment. Mo Κα radiation (II) 
(λ = 0.71069 Â) and Cu Κα radiation (IV) (λ = 1.5418 Ä) were used at 293 К 
with a graphite crystal monochromomator on a Nonius CAD4 single crystal 
diffractometer. The unit cell dimensions, II: monoclinic, a = 18.359(2), 
b = 13.947(2), с = 14.588(2) Â, g = 100.982(7)°, V = 3666.9 Ä3, IV: tri-
clinic, a = 14.605(1), b = 15.989(2), с = 18.005(2) Â, α = 101.144(8)°, 
β = 100.773(7)°, γ = 91.201(2)°, V = 4045.4 Χ 3, were determined from the 
angular settings of 22 reflections with 14° < θ < 28° for II and 25 reflec­
tions with 15° < θ < 57° for IV. The space groups were determined from the 
systematic absences and the structure determination. II: Р2І/П; hOl, h + 1 
= 2n + 1; OkO, к = 2n + 2; IV: PÏ. The intensity data of 6954 (II) (to θ = 
25°) and 14419 reflections (IV) (to θ = 55°) were measured using the ω-2θ 
scan technique, with a scan angle of 1.00° and a variable scan rate with a 
maximum scan time of 20 seconds per reflection. 
The intensity of the primary beam was checked throughout the data collec­
tion by monitoring three reference reflections every 30 minutes. The final 
drift correction factors were between 0.95 and 1.03 (II), and 0.96 and 1.04 
(IV). A smooth curve based on the reference reflections was used to correct 
for this drift. On all reflections profile analysis was performed ls; empiri­
cal absorption correction was applied using φ scans. ^ For II: μ(Μο Κα) 
= 85.13 cm - 1 (correction factors were in the range 0.70 to 1.00). For IV: 
U(Cu Κα) = 116.5 c m - 1 (correction factors were in the range 0.68 to 1.00). 
Symmetry equivalent reflections were averaged, R. = Σ(Ι-<Ι>)/ΣΙ = 0.029 
(II) and 0.018 (IV) resulting in 6845 (II) and 10144 (IV) unique reflections 
of which 5048 (II) and 8631 (IV) were observed with Ι>3σ(Ι). Lorentz and 
polarization corrections were applied and the data were reduced to |F |-
values. 
The gold and platinum atoms were found using SHELX84. 17 The structures 
were expanded using DIRDIF, ω thereby establishing the chemical composition. 
The structures were refined by full-matrix least-squares on |F|-values, 
using SHELX. B Scattering factors were taken from International Tables. я 
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Table 2 Fractional Positional and Thermal Parameters (e.s.d. Values in 
Parentheses); 
a) Pt2(PPh3)1i(M-SAuCl)2-2CH2Cl2 (II) 
b) {Pt2(PPh3)i.(u-S)(u-SAuPPh3)}N03-iH20 (IV) 
Atom χ y ζ Ueq (xlOO) (Â2) 
a) 
Aul 
Ptl 
SI 
PI 
P2 
C£l 
CI 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
cm 
Cll 
CI 2 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 
C22 
C23 
C24 
C25 
C26 
C27 
C28 
C29 
C30 
C31 
C32 
C33 
C34 
C35 
C36 
0.11371 
-0.05595 
0.04795 
-0.05986 
0.14327 
0.1683 
0.0323 
0.076Д 
0.1485 
0.1764 
0.1323 
0.0602 ( 
-0.0950 ( 
0.1121 ( 
-0.1381 ( 
-0.1471 ( 
-0.1300 ( 
-0.1040 
-0.1170 < 
-0.0861 ( 
-0.1312 ( 
-0.2074 ( 
-0.2383 ( 
-0.1931 ( 
-0.2398 ( 
-0.2533 ( 
-0.3261 ( 
-0.3853 ( 
-0.3717 ( 
-0.2990 ( 
-0.1421 ( 
-0.1883 ( 
-0.1803 ( 
-0.1262 ( 
-0.0801 ( 
-0.0880 ( 
-0.1233 ( 
-0.1778 
-0.1583 ( 
-0.0842 
-0.0296 
-0.0492 
: 2) 
: 2) 
Л1) 
Л1) 
11) 
: 2) 
: 3) 
: 3) 
: 3) 
, 3) 
: 3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
2) 
2) 
2) 
2) 
2) 
2) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
2) 
2) 
2) 
2) 
2) 
: 2) 
0.03719 
-0.00375 
-0.08342 
-0.12011 
0.09878 
0.1645 
-0.1514 
-0.0781 
-0.0979 
-0.1909 
0.2642 
0.2445 
-0.2308 < 
-0.3072 { 
-0.3933 
-0.4029 
-0.3265 
-0.2404 
-0.1078 
-0.0835 ( 
-0.0757 ( 
-0.0923 ( 
-0.1166 ( 
-0.1244 ( 
0.0596 ( 
-0.0307 ( 
-0.0632 ( 
-0.0054 ( 
0.0850 ( 
0.1174 ( 
0.2110 ( 
0.2203 < 
0.2988 ( 
0.3679 < 
0,3585 ( 
0.2801 < 
0.1332 ( 
0.1445 
0.1743 
0.1929 
0.1817 
0.1519 
: 3) 
: 2) 
: i4) 
: i4) 
: i4) 
: 3) 
: 3) 
: 3) 
: 3) 
3) 
: 3) 
3) 
4) 
4) 
4) 
4) 
A) 
4) 
5) 
5) 
5) 
5) 
5) 
5) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
, 4) 
4) 
4) 
4) 
4) 
: 4) 
0.13273 
0.08737 
0.04903 
0.19668 
0.12111 
0.2185 ( 
0.2612 ( 
0.3074 ( 
0.3540 ( 
0.3544 ( 
0.3083 ( 
0.2617 ( 
0.1396 ( 
0.1935 ( 
0.1507 ( 
0.0540 ( 
0.0001 ( 
0.0429 ( 
0.2861 ( 
0.3780 ( 
0.4445 ( 
0.4190 ( 
0.3271 ( 
0.2606 ( 
0.0885 ( 
0.0477 ( 
0.0199 ( 
0.0329 ( 
0.0737 ( 
0.1015 ( 
0.0575 ( 
-0.0298 ( 
-0,0865 ( 
-0.0558 ( 
0.0315 ( 
0.0881 ( 
0.2445 ( 
0.2984 ( 
0.3911 ( 
0.4300 ( 
0.3761 ( 
0.2834 ( 
: 3) 
: 2) 
'14) 
: i4) 
'14) 
3) 
4) 
' 4) 
4) 
4) 
4) 
4) 
3) 
3) 
3) 
3) 
3) 
3) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4.59 
2.22 
3.12 
2.81 
2.68 
10.3 
3.5 
4.2 
5.4 
6.1 ( 
6.1 ( 
4.6 ( 
3.6 ( 
4.8 < 
6.6 
6.8 ( 
5.9 
4.1 
3.4 
4.6 ( 
6.2 ( 
5.4 ( 
5.7 ( 
4.4 ( 
3.5 ( 
4.9 ( 
6.6 ( 
7.0 ( 
7.0 ( 
5.0 ( 
3.2 ( 
4.3 ( 
6.2 ( 
6.3 ( 
6.4 ( 
5.0 ( 
3.1 ( 
4.2 ( 
5.4 ( 
6.0 ( 
5.9 ( 
4.2 ( 
; i ) 
: i ) 
:6) 
:6) 
:6) 
2) 
'2) 
[2) 
,3) 
,3) 
,3) 
2) 
2) 
2) 
3) 
3) 
3) 
2) 
2) 
2) 
3) 
3) 
3) 
2) 
2) 
2) 
3) 
3) 
3) 
2) 
2) 
2) 
3) 
3) 
3) 
2) 
2) 
2) 
3) 
3) 
3) 
2) 
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Table (cont.) 
Atom Ueq (xlOO) (Â2) 
C12 
C13 
C37 
b) 
Ptl 
Pt2 
Aul 
Sl 
S2 
PI 
P2 
P3 
P4 
P5 
N1 
Ol 
02 
03 
OU 
CIA 
C2A 
C3A 
C4A 
C5A 
C6A 
C7A 
C8A 
C9A 
C10A 
C11A 
C12A 
C13A 
C1AA 
C15A 
C16A 
C17A 
C18A 
C1B 
C2B 
C3B 
C4B 
C5B 
C6B 
C7B 
C8B 
C9B 
C10B 
0.3132 
0.4700 
0.391 
0.21128 
0.23208 
0.02550 
0.15119 
0.20075 
0.25742 
0.22231 
0.25272 
0.30829 
-0.11216 
0.5561 
0.5551 
0.3807 
0.6262 ( 
0.6987 ( 
0.2088 ( 
0.1432 ( 
0.0484 < 
0.0193 ( 
0.0849 ( 
0.1796 ( 
0.3454 ( 
0.5288 
0.5656 ( 
0.5092 ( 
0.4159 ( 
0.3790 < 
0.3230 ( 
0.3206 ( 
0.2485 ( 
0.1789 ( 
0.1813 ( 
0.2533 ( 
0.3431 ( 
0.4149 ( 
0.4628 ( 
0.4390 ( 
0.3672 ( 
0.3192 ( 
0.1188 ( 
0.0360 ( 
-0.0493 ( 
-0.0519 ( 
: 3) 
: 3) 
1) 
: 2) 
: 2) 
: 3) 
:IA) 
:i5) 
:i7) 
:i7) 
:i5) 
Д5) 
: i7) 
: 9) 
: 8) 
' 8) 
8) 
11) 
3) 
' 3) 
' 3) 
3) 
3) 
3) 
4) 
4) 
. 4) 
: 4) 
4) 
, 4) 
, 4) 
' 4) 
' 4) 
4) 
4) 
5) 
5) 
5) 
5) 
5) 
5) 
5) 
4) 
4) 
4) 
4) 
-0.0480 
0.9581 
0.891 
0.21003 
0.26916 
0.24158 
0.15336 
0.33911 
0.27872 
0.07144 
0.19121 
0.39438 
0.30180 
0.7252 
0.7736 
0.6811 
0.7058 
0.8968 
0.2234 < 
0.1960 
0.1892 
0.2099 
0.2373 
0.2440 
0.2232 
0.2183 
0.2492 
0.2941 
0.3035 
0.2681 
0.4413 
0.5298 
0.5718 
0.5252 
0.4367 
0.3948 
-0.0613 
-0.1004 
-0.0583 
0.0231 
0.0623 
0.0201 
-0.0743 
-0.1263 
-0.0917 
-0.0105 
, 4) 
: 5) 
' 2) 
: 2) 
: 2) 
: 2) 
: i i ) 
: i i ) 
:із) 
:із) 
: i2) 
: i2) 
: i5) 
: 7) 
: 7) 
' 7) 
' 7) 
, 9) 
' 4) 
' 4) 
: 4) 
: 4) 
: 4) 
' 4) 
: 4) 
: 4) 
: 4) 
: 4) 
' 4) 
: 4) 
: 4) 
: 4) 
: 4) 
' 4) 
: 4) 
: 4) 
: 4) 
: 4) 
: 4) 
: 4) 
: 4) 
: 4) 
: 4) 
: 4) 
' 4) 
: 4) 
0.2262 ( 
0.2323 ( 
0.206 ( 
0.32619 
0.16532 
0.19991 
0.19334 
0.28426 
0.45070 
0.34259 
0.05006 
0.16123 
0.19612 
0.2111 
0.1647 
0.1987 
0.2530 ( 
0.2330 ( 
0.5812 ( 
0.6199 ( 
0.5864 ( 
0.5142 ( 
0.4755 ( 
0.5089 ( 
0.4473 ( 
0.4708 
0.5552 
0.6018 
0.5711 
0.4938 
0.4479 ( 
0.4569 ( 
0.4866 ( 
0.5073 ( 
0.4984 ( 
0.4687 ( 
0.3148 ( 
0.2824 ( 
0.2390 
0.2279 
0.2603 
0.3037 ( 
0.2474 ( 
0.2146 ( 
0.2266 < 
0.2714 ( 
4) 
5) 
1) 
2) 
' 2) 
: 2) 
10) 
[ID 
: i2) 
: i2) 
11) 
11) 
'14) 
7) 
: 7) 
' 6) 
6) 
8) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
' 3) 
3) 
: 3) 
: 4) 
, 4) 
4) 
4) 
4) 
4) 
4) 
, 4) 
4) 
4) 
, 4) 
, 4) 
4) 
, 4) 
4) 
4) 
12.9 (2) 
18.1 (3) 
13.4 (7) 
2.265(12) 
1.974(12) 
3.571(14) 
2.45(6) 
2.64(7) 
3.23(8) 
3.23(8) 
2.57(7) 
2.46(7) 
3.81(9) 
8.8 (3) 
13.4 (4) 
11.9 (3) 
12.4 (4) 
6.8 (4) 
4.8 (3) 
6.7 (3) 
6.8 (3) 
7.0 (3) 
5.6 (3) 
3.8 (2) 
4.9 (3) 
6.4 (3) 
7.2 (3) 
6.6 (3) 
5.5 (3) 
3.7 (2) 
5.5 (3) 
7.1 (3) 
7.4 (3) 
7.1 (3) 
5.8 (3) 
3.9 (2) 
6.3 (3) 
7.8 (4) 
8.0 (4) 
6.0 (3) 
3.9 (2) 
3.9 (2) 
6.5 (3) 
8.9 (4) 
8.0 (4) 
7.3 (3) 
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Table 2 ( c o n t . ) 
Atom 
C11B 
C12B 
C13B 
C14B 
C15B 
C16B 
C17B 
C18B 
C1C 
C2C 
C3C 
C4C 
C5C 
C6C 
C7C 
C8C 
C9C 
cmc 
C11C 
C12C 
C13C 
C14C 
C15C 
C16C 
C17C 
C18C 
CID 
C2D 
C3D 
C4D 
C5D 
C6D 
C7D 
C8D 
C9D 
C10D 
C11D 
C12D 
C13D 
C14D 
C15D 
C16D 
C17D 
C18D 
CÍE 
C2E 
C3E 
C4E 
C5E 
X 
0.0309 
0.1163 
0.3289 
0.3437 
0.2686 
0.1788 
0.1640 
0.2391 
0.3949 
0.4867 
0.5558 
0.5331 
0.4412 
0.3721 
0.2469 
0.2036 
0.1174 
0.0744 
0.1176 
0.2038 
0.1146 
0.0758 
0.1152 
0.1951 ( 
0.2357 ( 
0.1936 
0.1427 ( 
0.0874 ( 
0.1291 ( 
0.2261 ( 
0.2814 
0.2397 
0.4436 ( 
0.5279 ( 
0.5895 ( 
0.5670 ( 
0.4828 ( 
0.4211 ( 
0.2770 ( 
0.1975 ( 
0.3777 ( 
0.4374 ( 
0.4169 ( 
0.3367 ( 
-0.1248 ( 
-0.1706 ( 
-0.1667 ( 
-0.3170 ( 
-0.2712 ( 
( 4) 
( 4) 
( 4) 
( 4) 
( 4) 
( 4) 
( 4) 
[ 4) 
С 4) 
( 4) 
( 4) 
С 4) 
; 4) 
: 4) 
( 3) 
[ 3) 
[ 4) 
; з) 
; з) 
: з) 
' 4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
У 
0.0388 
0.0069 
0.0500 
0.0044 
0.0044 
-0.0045 
0.0139 
0.0412 
0.1191 
0.0975 
0.1327 
0.1716 
0.1933 
0.1670 
0.2495 
0.2900 
0.3247 
0.3188 
0.2783 
0.2436 
0.0639 
-0.0192 
-0.0825 
-0.0628 
0.0203 
0.0836 
0.4741 
0.5422 
0.6215 
0.6325 
0.5644 
0.4851 
0.3708 
0.3904 
0.4552 
0.5005 
0.4810 
0.4162 
0.4612 
0.4764 
0.4453 
0.3990 
0.3838 
0.4149 
0.3263 
0.3283 
0.3093 
0.2884 
0.2865 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
4) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
4) 
4) 
4) 
4) 
4) 
ζ 
0.3041 
0.2921 
0.4820 
0.5558 
0.5848 
0.5399 
0.4661 
0.4371 
-0.0228 
-0.0236 
0.0423 
0.1091 
0.1099 
0.0440 
-0.0903 
-0.1484 
-0.1446 
-0.0827 ( 
-0.0246 
-0.0284 ( 
-0.0369 ( 
-0.0574 ( 
-0.0203 ( 
0.0374 ( 
0.0579 ( 
0.0207 ( 
0.1681 ( 
0.1864 ( 
0.2483 ( 
0.2483 ( 
0.2300 ( 
0.1900 ( 
0.2865 ( 
0.3393 ( 
0.3329 ( 
0.2737 ( 
0.2209 ( 
0.2274 ( 
0.0267 ( 
-0.0423 ( 
-0.0668 ( 
-0.0223 ( 
0.0467 ( 
0.0713 ( 
0.0464 ( 
-0.0258 ( 
-0.0502 ( 
0.0030 ( 
0.0779 ( 
( 4) 
( 4) 
( 4) 
( 4) 
( 4) 
: 4) 
: 4) 
: 4) 
: 4) 
: 2) 
: 2) 
: 2) 
: 2) 
: 2) 
: з) 
3) 
, 3) 
3) 
' 3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
3) 
4) 
4) 
4) 
4) 
4) 
Ueq 
5.9 
3.9 
6.4 
10.3 
10.4 
9.1 
6.3 
4.5 
4.5 
5.9 
5.9 
5.4 
3.7 
3.0 
3.1 
4.1 
4.5 
4.6 
3.7 
2.6 
4.7 
6.5 
6.4 
5.9 
4.5 
3.0 
3.9 
5.3 
6.2 
7.1 
6.0 
2.9 
3.7 
5.1 
5.9 
4.8 
3.8 
2.4 
3.7 
4.9 
4.9 
4.9 
3.7 
2.8 
6.0 
7.5 
6.6 
6.3 
5.5 
(xlOO) 
(3) 
(2) 
(3) 
(5) 
(5) 
(4) 
(3) 
(2) 
(2) 
(3) 
(3) 
(3) 
(2) 
(2) 
(2) 
(2) 
(2) 
(2) 
(2) 
(2) 
(2) 
(3) 
(3) 
(3) 
(2) 
(2) 
(2) 
(3) 
(3) 
(3) 
(3) 
(2) 
(2) 
(3) 
(3) 
(3) 
(2) 
(2) 
(2) 
(3) 
(3) 
(3) 
(2) 
(2) 
(3) 
(3) 
(3) 
(3) 
(3) 
( Χ 2 ) 
6Θ 
Table 2 (cont.) 
x У ζ Ueq (xlOO) 
C6E 
C7E 
C8E 
C9E 
CIOÈ 
CHE 
C12E 
C13E 
CUE 
C15E 
C16E 
C17E 
C18E 
-0.1752 
-0.2100 
-0.2709 
-0.3138 
-0.2959 
-0.1350 
-0.1920 
-0.0259 
-0.0190 
-0.0932 
-0.1741 
-0.1810 
-0.1069 
3) 
5) 
5) 
5) 
5) 
5) 
5) 
4) 
A) 
A) 
A) 
A) 
( A) 
0.3055 
0.1555 
0.1075 
0.1Д66 
0.2337 
0.2816 
0.2426 
0.4419 
0.5258 
0.5783 
0.5470 
0.4631 
0.4106 
4) 
4) 
4) 
A) 
A) 
A) 
4) 
4) 
A) 
A) 
4) 
4) 
4) 
0.0996 
0.2051 
0.2339 
0.2936 
0.3244 
0.2956 
0.2359 
0.3034 
0.3450 
0.3328 
0.2791 
0.2375 
0.2497 
A) 
3) 
3) 
3) 
3) 
3) 
3) 
A) 
A) 
A) 
A) 
A) 
A) 
3.7 (2) 
6.2 (3) 
7.0 (3) 
8.1 (A) 
8.3 (4) 
6.5 (3) 
4.4 (2) 
5.7 (3) 
6.9 (3) 
6.1 (3) 
5.5 (3) 
5.3 (3) 
4.2 (2) 
Table 3 Atomic Distances (e.s.d. Values in Parentheses); 
a) Pt2(PPh3)4(p-SAuCl)2-2CH2Cl2 (II) 
b) {РІ2(РРЬэ).,(и-3)(и-5АиРРЬэ)}Шз-еН20 (IV) 
a) b) 
Aul 
Aul 
Aul 
Aul 
P t l 
P t l 
P t l 
P t l 
- P t l 
- P t l ' 
- Sl 
- Cll 
- Sl 
- S l ' 
- PI 
- P2 
3.111(1) 
3.218(1) 
2.284(2) 
2.290(3) 
2.365(2) 
2.360(2) 
2.286(2) 
2.271(2) 
P t l 
P t l 
P t l 
P t l 
P t l 
P t l 
Pt2 
Pt2 
Pt2 
Pt2 
Pt2 
Aul 
Aul 
Aul 
- Pt2 
- Aul 
- Sl 
- S2 
- PI 
- P2 
- Aul 
- Sl 
- S2 
- P3 
- P4 
- Sl 
- S2 
- P5 
3.279(1) 
3.314(1) 
2.378(2) 
2.329(2) 
2.267(2) 
2.296(2) 
3.231(1) 
2.360(2) 
2.347(2) 
2.280(2) 
2.291(2) 
2.345(2) 
2.959(2) 
2.243(2) 
Table 4 Bond Angles (е.s.d. Values in Parentheses); 
a) Рі2(РРЬз)ц(и-5АиС1)2'2СН2СІ2 ( 
b) (Pt2(PPh3).,(u-S)(p-SAuPPh3)}N03-èH20 ( 
a) 
Ptl-Aul-Ptl' 
Ptl-Aul-Sl 
Ptl'-Aul-Sl 
Ptl-Aul-CU 
Ptl'-Aul-Ci,l 
si-Aui-ai 
Aul-Ptl-Aul' 
Aul-Ptl-Sl 
Aul-Ptl-Sl* 
Aul'-Ptl-Sl 
Aul'-Ptl-Sl' 
Aul-Ptl-Pl 
68.6(1) 
49.1(1) 
47.1(1) 
125.1(1) 
133.2(1) 
174.2(1) 
111.4(1) 
46.9(1) 
82.0(1) 
79.8(1) 
45.2(1) 
98.3(1) 
Aul-Ptl-P2 
Aul'-Ptl-Pl 
kul'-Vtl-Fl 
Sl-Ptl-Sl' 
Sl-Ptl-Pl 
Sl-Ptl-P2 
Sl'-Ptl-Pl 
Sl'-Ptl-P2 
Pl-Ptl-P2 
Aul-Sl-Ptl 
Aul-Sl-Ptl' 
Ptl-Sl-Ptl 
123.9(1) 
123.0(1) 
101.3(1) 
82.0(1) 
88.0(1) 
169.0(2) 
165.7(1) 
91.0(1) 
100.3(1) 
84.0(1) 
87.7(1) 
98.0(1) 
b) 
Pt2-Ptl-Aul 
Pt2-Ptl-Sl 
Aul-Ptl-Sl 
Pt2-Ptl-S2 
Aul-PLl-S2 
Sl-Ptl-S2 
Pt2-Ptl-Pl 
Aul-Ptl-01 
Sl-Ptl-Pl 
S2-Ptl-Pl 
Pt2-Ptl-P2 
Aul-Ptl-P2 
Sl-Ptl-P2 
S2-Ptl-P2 
Pl-Ptl-P2 
Ptl-Pt2-Aul 
58.7(1 
46.0(1 
45.0(1 
45.7(1 
60.3(1 
82.4(1 
130.5(1 
128.0(1 
172.6(1 
91.4(1 
123.1(1 
114.4(1 
87.2(1 
168.7(1 
99.3(1 
61.2(1 
) Sl-Pt2-P3 
) S2-Pt2-P3 
) Sl-Pt2-P4 
) S2-Pt2-P4 
) P3-Pt2-P4 
) Ptl-Aul-Pt2 
) Ptl-Aul-Sl 
) Pt2-Aul-Sl 
) Ptl-Aul-S2 
) Pt2-Aul-S2 
) Sl-Aul-S2 
) Ptl-Aul-P5 
) Pt2-Aul-P5 
) Sl-Aul-P5 
) S2-Aul-P5 
) Ptl-Sl-Pt2 
92 
174 
169 
86 
98 
60 
45 
46 
43 
44 
70 
140 
142 
168 
120 
87 
4 
6 
1 
8 
5 
1 
9< 
8( 
1 
3( 
5< 
2( 
К 
6 
8 
6 
b) (cont.) 
Ptl-Pt2-Sl 
Aul-Pt2-Sl 
Ptl-Pt2-S2 
Aul-Pt2-S2 
Sl-Pt2-S2 
Ptl-Pt2-P3 
Aul-Pt2-P3 
Ptl-Pt2-P4 
Aul-Pt2-P4 
46.4(1) 
46.4(1) 
45.3(1) 
61.7(1) 
82.4(1) 
130.8(1) 
113.7(1) 
123.5(1) 
128.1(1) 
Ptl-Sl-Aul 
Pt2-Sl-Aul 
Ptl-S2-Pt2 
Ptl-S2-Aul 
Pt2-S2-Aul 
Two dichloromethane molecules (II) and a half of water molecule (IV) were 
found from the respective difference Fourier syntheses and were included 
in the refinement. Hydrogen atoms were found from difference Fourier syn­
theses and were included m the refinement. The phenyl type carbon atoms 
were converted into a regular hexagon with carbon-carbon distances 1.395 A 
о 
and all hydrogen atoms were included in fixed idealized positions 1.08 A 
from the carbon atom to which they were bonded. Isotropic refinement con­
verged to R = 0.085 (II) and 0.063 (IV). At this stage empirical absorption 
correction was applied, 21 resulting in a further decrease of R to 0.072 (II) 
(correction factors were in the range 0.87 - 1.13) and to 0.054 (IV) (cor­
rection factors were in the range 0.88 - 1.30). No extinction corrections 
were applied. 
During the final stages of the refinement the positional parameters of gold, 
platinum, phosphorus, sulphur and chlorine (II) and the isotropic thermal 
parameters of the carbon atoms were refined. The phenyl groups were refined 
as rigid groups with standard geometry. The hydrogen atoms had fixed iso­
tropic temperature factors of 0.05 A. The final conventional agreement 
factors were for II: R = 0.039 and R = 0.050 for the 5084 'observed' reflec-
w 
tions and 155 variables, for IV: R = 0.039 and R = 0.051 for the 8631 
w 
'observed' reflections and 297 variables. The function minimized was 
Zw(F F ) 2 with w = o(F ) + 0.0004 (F ) ~ 2 with o(F ) from counting statistics. 
о с о о
 v
 ο
 6 
The maximum shift over error ratio in the last full-matrix least-squares 
89.1(1) 
86.7(1) 
89.0(1) 
76.6(1) 
74.0(1) 
71 
cycle was for II less than 0.20 except for dichloromeLhane (up to 1.A6) and 
for IV less than 0.22. The final difference Fourier map showed for II one 
peak of height 3 e/A3 at 0.9 A from Au and several peaks of about 1 e/A3; 
and for IV no peaks higher than 0.5 e/A3. Plots were made with PLUTO. a 
Final positional and thermal parameters are given in table 2. Molecular 
geometry data are collected in table 3 and 4. The molecular configuration 
and the crystallographic numbering scheme is given in figure 1A and IB. 
No unusual intermolecular contacts are present in both structures. 
72 
REFERENCES 
1. Bos, W. , Bour, J.J., Schlebos, P.P.J., Hageman, P., Bosman, W.P., Smits, 
J.M.M., van Wietmarschen, J.A.C, and Beurskens, P.T., Inorg. Chim. Acta. 
119, 141 (1986). 
2. Roberts, D.A. and Geoffroy, G.L. in Wilkinson, G., Stone, F.G.A. and 
Abel, E.W. (eds.), "Comprehensive Organometallic Chemistry", Pergamon, 
Oxford, Chap. 40 (1982). 
3. Braunstein, P. and Rose, J., Gold. Bull, 18, 17 (1985). 
4. Stpggerda, J.J., Bour, J.J. and van der Velden, J.W.Α., Reel. Trav. 
Chim. Pays-Bas, 101, 164 (1982). 
5. Evans, J. and Jingxing Gao, J. Chem. Soc. Chem. Commun., 39 (1985). 
6. Seyferth, D., Henderson, R.S. and Li-Cheng Song, Organometallics, j^, 
125 (1982). 
7. Briant, C E . , Hor, A.T.S. , Howells, N.D. and Mingos, D.M.P. , J. Chem. 
Soc. Chem. Commun. 1118 (1983). 
8. Vollenbroek, F.A., Bouten, P.СР., Trooster, J.M. , van den Berg, J.P. 
and Bour, J.J., Inorg. Chem., 17., 1345 (1978). 
9. van der Velden, J.W.Α., Beurskens, P.T., Bour, J.J., Bosman, W.P. , 
Noordik, J.H., Kolenbrander, M. and Buskes, J.Α.К.M., Inorg. Chem., 
23, 146 (1984). 
10. Briant, C E . , Gardner, C.J., Ног, A.T.S., Howells, N.D. and Mingos, 
D.M.P., J. Chem. Soc, Dalton Trans., 2645 (1984). 
11. Hall, M.С, Jarvis, J.A.J., Kilbourn, В.T. and Owston, P.G. , J. Chem. 
Soc, Dalton Trans., 1544 (1972). 
12. Sumraerville, R.H. and Hoffmann, R., J. Am. Chem. Soc., 98, 7240 (1976). 
13. Lehman, M.S. and Larsen, F.K., Acta Crystallogr., 11, 114 (1978). 
14. Ugo, R., La Monica, G., Cemni, S., Segre, A. and Conti, F., J. Chem. 
Soc. Α., 522. (1971). 
15. Grant, D.F. and Gabe, E.J., J. Appi. Crystallogr., U, 114 (1978). 
16. North, A.CT., Philips, D.C, Mathews, F.S., Acta Crystallogr., Sect. Α., 
24, 351 (1968). 
17. Sheldrick, G.M., SHEI,X84, a program for crystal structure determination, 
Anorg. Chem. Inst, der Univ. Gottingen, F.R.G. (1984). 
18. Beurskens, P.T., Bosman, W.P., Doesburg, H.M., van der Hark, Th., Prick, 
P.A.J., Noordik, J.H., Beurskens, G., Gould, R.O., and Parthasarathi, V., 
in Snnivasan and Sarma, R.H. (eds.), "Conformation in Biology", Adenine, 
New York, p. 389 (1982). 
19. Sheldrick, G.M., SHELX, a program for crystal structure determination, 
University Chemical Laboratory, Cambridge, U.K. (1976). 
20. International Tables for Хбгау Crystallography, Vol. IV, Kynoch Press, 
Birmingham (197A). 
21. Walker, N. and Stuart, D., Acta Crystallogr., Sect. Α., 39, 158 (1983). 
22. Motherwell, W.D., PLUTO, a program for plotting molecular and crystal 
structures, University Chemical Laboratory, Cambridge, U.K. (1976). 
74 
C H A P T E R 5 
31P-NVIR CORRELATIONS FOR GOLD(1) TRIPHENYL PHOSPHINE COMPOUNDS 
INTRODUCTION 
3lP-NMR is an important analysis technique for the identification of gold 
phosphine compounds. In practice these 3lP-NMR spectra are often simply 
used as fingerprints. Little attention has been devoted so far to the 
specific factors that influence the magnitude of the 31P-NMR chemical shifts. 
For gold triphenyl phosphine compounds the 31P-NMR chemical shift scale 
can be divided roughly into three areas: 20-45 ppm for AuPPhjX compounds; 
47-53 ppm for Аиц-clusters and 53-57 ppm for Aue and Aug-clusters. In this 
chapter a correlation will be described between the 31P-NMR shifts of 
AuPPhaX and the electronegativities of X, as well as the relationship of 
the electronegativity with the Au-P bond lenghts. 
THE RELATION BETWEEN 31P-NMR CHEMICAL SHIFT AND ELECTRONEGATIVITY 
Electronegativity scales 
In order to correlate 31P-NMR chemical shifts with electronegativity, it 
is of interest which electronegativity scale is used. Since Pauling proposed 
an electronegativity scale of the elements 1, many workers have followed. 
Differences between these electronegativity scales are minor for most 
elements, with the exception of the transition metals. In this chapter the 
widely accepted scale of Allred and Rochow 2 is used. 
Various methods for calculating the electronegativities of groups from 
the electronegativities of the constituent atoms have been reported as 
well. 3~ e Many group electronegativities thus calculated show large devia­
tions with empirical values (see table 1), making the electronegativity 
data for groups of atoms less appropriate for practical use. 
Au(I) compounds 
When the Allred/Rochow electronegativities of X for compounds of the type 
AuPPhaX are plotted versus their 31P-NMR chemical shifts, a rather narrow 
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Table 1 Electronegativity values of some groups, (values relative to the Pauling scale)1 
Group 
СНэ 
C 2H 5 
CH2CI 
NH2 
OH 
OEt 
SH 
CN 
COOH 
N3 
NO
 2 
N0 3 (0-N02) 
C 6H 5 
OAc 
NCO 
SCN 
CH=CH2 
C=Cti 
СЕССНэ 
CECPh 
Huheey 
2.27 
2.28 
2.47 
2.61 
3.51 
2.53 
2.32 
3.84 
3.52-
3.46 
4.42 
4.33 
4.58 
2.49 
2.95 
4.46 
3.91 
2.41 
2.90 
2.59 
2.61 
Cal 
Jaffé 
2.30 
-
2.47 
2.82 
3.53 
-
2.35 
-
-
-
-
-
-
-
-
-
-
culated val 
Clifford 
2.28 
2.29 
2.46 
2.50 
2.86 
2.44 
2.33 
4.17 
-
4.31 
-
-
-
-
-
-
-
-
-
-
Sanderson 
2.27 
-
2.44 
2.47 
2.78 
2.41 
2.32 
4.08 
-
4.17 
-
-
-
-
-
-
-
Galláis 
2.52 
2.52 
2.54 
2.92 
3.38 
3.41 
2.52 
-
-
-
-
-
-
-
-
-
-
-
-
-
Wilms 9 
Hurst 
2.63 
-
-
3.40 
3.89 
-
-
3.17 
2.84 
-
3.45 
-
3.13 
-
-
~ 
-
-
-
-
Empirical values 
Dailey 10 
Shoolcry 
_ 
-
-
2.99 
3.51 
-
2.45 
2.52 
2.57 
-
-
3.91 
2.70 
-
-
-
-
-
-
-
Muller u 
_ 
2.24 
-
2.96-3.05 
3.42 
-
-
2.51-2.67 
2.71 
-
3.6 
3.90 
2.82 
-
-
-
-
-
-
-
Dailey и 
Cavanaugh 
_ 
-
-
2.91 
3.43 
-
-
2.52 
2.6 
-
-
-
2.70 
-
-
-
-
-
-
-
Wells13 
2.3 
-
2.75 
3.35 
3.7 
3.0 
2.8 
3.3 
2.85 
-
3.4 
-
3.0 
-
-
-
-
-
-
-
straight band is obtained (see fig. 1), suggesting a linear relation as 
a first approximation. When X consists of more than one atom, the electro­
negativity of the element directly coordinated to gold is used. 
The 31P-NMR shift range found for a variety of ligands coordinated via N 
is 3 ppm, for a variety of ligands coordinated via С 6 ppm. This indicates 
that the 31P-NMR shift is not only influenced by the trans standing atom, 
but by the nature of the complete ligand. This effect, however, is small 
compared to the total 30 ppm range of shifts. 
Using the calculated group electronegativities mentioned above (table 1), 
the compounds tend to move out of the band, instead of fitting better. 
The overlap between the ranges of some of the elements is not very large, 
providing us with a rough predictive tool in the determination of the 
element coordinated to the gold directly from 31P-NMR data. The difference 
between gold phosphine coordinated to 0, N, C/Se/S or P/B is in some cases 
clear. For instance, the unknown compound from the solid state reaction 
of AuPPhsNOs with CO mentioned in chapter 3, has a 31P-NMR shift of 23.5 ppm, 
indicating a compound with oxygen directly attached to the gold. 
Gold cluster compounds 
If gold clusters are considered to be pseudo-linear РРЬэАиХ units, with 
X= Аи-АиРРЬэ or Аи-РРЬэ, these compounds can be put into the diagram as well. 
Although gold clusters do not fit in the band completely, the trend that 
low electronegativity corresponds with a high chemical shift is still 
maintained. The electronegativity value for gold of Allred and Rochow (1.42) 
gives the best fit. With electronegativity values of Pauling (2.54) or 
Sanderson (1.72) the correlation for gold is worse. 
It is difficult to understand the factors affecting the 31P-NMR shifts 
of gold clusters. The charge on the gold cluster ion or the nature of the 
ligands may be important, whereas also atoms of ligands further away from 
the gold are of influence. 
Within the group of gold clusters themselves, no correlation with the 
electronegativity of the ligands could be observed, not even when taking 
gold clusters with equal charge and number of gold atoms. 
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Figure 1. 31P-NMR chemical shift versus the Allred/Rochow electronegativity for compounds of the type 
AuPPhsX (data from ref. 14-22 and this work). 
THE RELATION BETWEEN BOND LENGTH AND ELECTRONEGATIVITY 
For compounds of the type AuPPhaX a correlation is found between the 
electronegativity of X and the Au-P bond length (fig. 2). When X consists 
of more than one atom, again, the electronegativity of the atom closest to 
gold is used. 
Because the X-ray structures of only 14 linear coordinated AuPPhaX 
compounds were found in the literature, the correlation may be less 
reliable. The band shown is about 0.04 A wide for each element (standard 
deviations of the bond lengths are between 0.001 and 0.01 A). As a result 
some overlap between the different elements is present. 
The average Au-P bond lengths of some gold cluster compounds are also 
shown in the diagram (fig. 2). They are found outside the band and the 
total range of these average bond lengths is rather large. Definite trends 
inside the group of gold clusters could not be found. 
Because both 31P-NMR shifts and Au-P bond lengths correlate with electro­
negativity, they must also be directly related. In figure 3 this relation 
is shown for 6 compounds. 
1 9 7Au Mossbauer 
Since the Isomer shift of 1 9 7Au Mossbauer spectroscopy gives direct 
information about the s electron density of gold, we had hoped to find a 
correlation with electronegativity as well. Unfortunately, however, no 
relation was found. 
DISCUSSION 
It is remarkable that in compounds of the type АиРРЬзХ the 31P-NMR shifts 
are roughly linear related to the electronegativity of X (fig. 1). One 
might expect that increasing electronegativity of X decreases electron 
density on both gold and phosphorus, resulting in a decrease of shielding 
of Ρ and hence in a rise of the 3lP-NMR shift. 
The observed shielding, however, is opposite to the result of this reasoning. 
In the literature the phenomenon has also been noticed for 1эC-NMR shifts 
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Figure 2. Au-P bond length versus the Allred/Rochow electronegativity for linear compounds of the type 
AuPPhaX (data from ref. 14, 22-30 and this work). 
of C-M-X compounds with M = Ag, Au, Hg and Pt. 3 2 - 3 6 For Hg compounds this 
effect was also observed in the chemical shift of the l99Hg-NMR spectra.33 
An interesting illustration of the reported trend is shown for compounds 
of the type 1. ** . . 
ι) Hg-X 
The 13C-NMR shifts of the phenyl carbons C-3, 4 and 5 of χ (table 2), all 
are about 127 ppm (identical with free benzene). Carbon atoms C-2,6 and 
C-1, however, show increased 13C-NMR shifts due to the presence of the metal. 
If X is changed, l3C-NMR shifts decrease with increasing electronegativity 
in the order C<Br<Cl<0, for first atoms of ligand X. A similar trend we 
found for the 3lP-NMR shifts of AuPPhsX compounds. 
It has been pointed out x~x that the paramagnetic contribution which 
dominates the nuclear magnetic shielding constant a, is likely to be largely 
responsible for the observed shift trends. More recently other workers · ^  
have suggested that increasing electronegativity of X reduces the polarizabi-
lity of the metal or metal-ligand bond. This increases the contribution of 
the paramagnetic term of the nuclear screening constant of the metal and 
neighbouring atoms, resulting in an increase of shielding. 
Table 2 1> Hg-X 
3C-NMR chemical shifts of some phenyl-Hg derivatives (data from ref. 33) 
X 
Cells 
Br 
CI 
OAc 
Benzoato 
Lactate 
C-1 
(ppm) 
170.58 
154.56 
151.04 
145.14 
145.24 
145.01 
C-2,6 
(ppm) 
137.81 
136.46 
136.48 
136.74 
136.79 
136.76 
C-3,5 
(ppm) 
127.55 
128.09 
127.94 
127.98 
127.98 
127.98 
C-4 
(ppm) 
126.87 
127.76 
127.62 
127.78 
127.98 
127.77 
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Figure 3. Au-P bond length versus 31P-NMR chemical shift for linear compounds of the type АиРРЬзХ. 
For mercury, Henneike я has shown from a semi-empirical molecular orbital 
study that increasing electronegativity of a ligand decreases the electron 
density in the metal 6s orbitals, causing a contraction of the mercury atom. 
In our case with AuPPhaX compounds, a similar effect may be operative, 
resulting in a decrease of the Au-P bond length, as is observed. Unfortunately 
for mercury compounds the shortening of the Hg-C bond length was not 
investigated. 
Further examinations in this field will be necessary to obtain a better 
insight in the observed trends. 
Θ3 
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C H A P T E R 6 
IDENTIFICATION AND SEPARATION OF GOLD CLUSTER COMPOUNDS USING HPLC 
INTRODUCTION 
31P-NMR spectroscopy was long really the only unambiguous identification 
technique for gold cluster compounds. IR spectra give information about the 
ligands only and elemental analyses often give no decisive results. It there­
fore seemed appropriate to look for an additional diagnostic, preferably 
with more speed and less demanding as sample amounts are concerned. 
In recent years liquid chromatography has been converted into a high speed, 
high performance technique, with the evolution of column materials and equip­
ment. This new way of liquid chromatography is called High Performance Liquid 
Chromatography or HPLC. Although examples of the use of HPLC in cluster 
chemistry are relatively rare 1, this chapter will show that HPLC offers a 
successful alternative for the analysis of gold clusters complementary to 
31P-NMR. Especially the very fast results from HPLC measurements (samples 
taken almost on line from reaction mixtures) together with the need of very 
small sample amounts (in the order of 20 ug) contribute to the usefulness 
of this technique. 
CHOICE OF STATIONARY AND MOBILE PHASE 
When an ionic gold cluster compound is eluted on silica gel or alumina 
without special precautions, it is soon immobilized, irrelevant of the 
solvent used. If a small amount of HNOs, however, is added to the solvent, 
the immobilized gold cluster starts to elute again. This effect, which is 
very rarely observed for silica gel, 2' 3 can be explained in terms of an 
ion-exchange involving the gold cluster and the column material (figure 1). 
The positive gold cluster ion is accompanied by free anions like NO3 - or 
PF
e
 . The column material exchanges protons for the positive gold cluster 
and НКОэ is eluted from the column. The column thus serves as a new 
immobile counterion for the cluster, and as a result the gold cluster 
is immobilized. Addition of HNO3 to the eluent continuously feeds the 
column with H ions which compete with the positive gold cluster ions 
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Figure 1. Elution of gold cluster compounds on silica gel 
resulting in elution of the latter. This is further indicated by the fact 
that addition of {Виі,П}МОэ to the eluent does not mobilize the gold 
cluster compound, whereas addition of МНцЮэ, NH^PFg or glacial acetic 
acid do. 
It may be clear from this that if one chooses silica gel or alumina (polar 
column materials in general) for the chromatography of ionic gold cluster 
compounds, the addition of acid to the mobile phase is crucial. In practice, 
alumina is less suited for chromatography, because of poor separations. 
Silica gel on the other hand gives better results. 
THIN LAYER CHROMATOGRAPHY 
Thin layer chromatography has the advantage of being a very simple tech­
nique without the necessity of expensive equipment. Detection of spots is 
in most cases done with UV light or a chemical reaction. For the chromato­
graphy of gold clusters on silica gel plates, 0.02 M NH11NO3 in ethanol can 
be used as eluent. Gold cluster compounds elute well with this system, 
although some tailing is observed, sometimes leading to double zonation 
(this effect is influenced by the amount of sample as is the Rf-value). 
The effect is known to occur when ions are involved in the chromatography.1* 
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Despite good elution on silica gel, separation of gold cluster compounds 
is not always possible. The speed of elution seems to be dominated by the 
charge on the gold cluster ion. The 3+, 2+ and 1+ cluster ions show Re­
values of 0.25, 0.45 and 0.55 respectively (see table 1). This sequence is 
in agreement with the expected elution order for polar compounds on a polar 
material. The Rf-values can therefore be used as a tool for charge deter­
mination. 
Table 1: R--values of some gold cluster compounds chromatographed on 
silica gel TLC plates using 0.02 M МНцМОэ in ethanol. 
Compound 
{Аи9(РР1із)в}(И0з)з 
{Ли
в
(РР1іэ)
в
}(Н0э)2 
{AueCPPhsbKNOah 
{Аи6(РРЬэ)б}(М0з)2 
{Au1 1(PPh3)e(CNO)2}N03 
{Аиіі(РРЬэ)вСІ2}Ш
э 
Au1 1(PPh3)7(SCN)3 
charge on 
gold c l u s t e r 
3+ 
2+ 
2+ 
2+ 
1+ 
1+ 
0 
R,-value 
0.25 
0.45 
0.45 
0.45 
0.55 
0.60 
- ( t a i l ) 
Neutral Au(I) compounds and neutral Auii-clusters can also be eluted on 
silica gel using the same conditions. These conditions, however, are far 
from optimal, because they are specially developed for charged gold 
clusters. As a result Ащі(РРЬз)7(ЗСМ)з élûtes as a streak instead of a 
spot. Less polar eluents usually give better results in these cases. 
Separation of neutral gold compounds and charged gold compounds therefore 
can easily be carried out by filtration through a silica gel column with 
diethyl ether or CH2CI2. The neutral compounds are eluted and the ionic 
compounds can be collected afterwards by elution with an ethanol/NH^NOs 
mixture. 
TLC plates with a fluorescent indicator can be used to visualize the 
UV-active phosphines of the gold cluster compounds when exposed to a 254 nm 
fluorescent lamp. Whether gold is present in a particular spot or not, can 
be shown by heating the silica gel TLC plate with a gas flame. 
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If gold is present an initially purple spot is formed, changing to red after 
prolonged heating. This colour is typical for gold. Other metals give other 
colours like grey for Ag, Hg and Ni; red-brown for Fe; darkbrown for Pt; 
brown for Pd; blue-green for Cu and bright blue for Co. This test is not 
suited for identification of mixtures of metals. 
COLUMN CHROMATOGRAPHY 
Column chromatography of gold cluster compounds has been studied using 
column material of three different types: 
- Sephadex (gel filtration); 
- straight phase silica gel (polar material); 
- reversed phase silica gel (non-polar material); 
these three materials will be treated below. 
Gel filtration chromatoBraphv 
Gel filtration has been performed with Sephadex LH 60, a synthetic poly-
dextran gel modified with -0-СН2-СН(0Н)-СНэ groups via ether linkages. The 
elution order normally corresponds to decreasing molecular size. With 
aromatic compounds, however, adsorption processes may become more 
important. 5 The latter effect is probably more pronounced with gold clus­
ters as they have a surface consisting almost entirely of phenyl groups. 
An indication for this was found in the separation of a typical mixture of 
gold compounds using acetone, resulting in an elution order of AuPPhsCl, 
{Aun(PPh3)e(CN0)2}+ and {АиэСРРЬэЭв}э+ respectively, a different order as 
expected from pure gel filtration. 
Although the separation of the forementioned mixture goes well on Sepha­
dex, this column material is not suited for the separation of more complex 
mixtures of gold clusters. For instance {Аи9(РРЬэ)в}3+, {Аив(РРЬз)в}2+ and 
{АивСРРЬэЭу}2+ cannot be separated using this column material. 
Straight phase chromatography 
As we have already seen with thin layer chromatography, silica gel is 
only partly fitted for the separation of gold cluster compounds, since 
separation is almost entirely based on the charge of the gold cluster ion. 
9 
Better results were obtained using a type of silica gel modified with 
diol groups (Si-CH2CH2-0-CH2CH(OH)CH2OH). This type of column material, 
which has no free SiOH groups, still has polar characteristics. Elution 
with a 0.0019 M ethanolic solution of МНцШз resulted in the successful 
separation of complex mixtures of gold clusters, the elution order being 
essentially the same as with uncoated silica gel. 
Two disadvantages of this system have to be mentioned. First, the com­
pounds eluted may suffer from leading bands and secondly an increasing 
amount of ИНцШэ is permanently absorbed by the column material, initially 
leading to drifting retention times and ultimately to a complete stoppage 
of the column. Regular cleaning of the column with water does not serve 
reverse this effect. Therefore this combination of stationary phase 
and mobile phase was abandoned. Polar column material, however, may prove 
useful for the separation of neutral gold cluster compounds, such as 
Аиіі(РРЬэ)7(5С*0з in combination with eluents like THF/hexane. If reaction 
mixtures contain both charged and uncharged gold clusters, which usually 
is the case, these conditions cannot be used. 
Reversed phase chromatography 
By far the best results have been obtained using a type of silica gel 
modified with octyl or octadecyl groups (Зі-ССНг^СНэ and Зі-ССНгЭіуСНэ) 
using a mixture of EtOH/HaO/NH^NOa 335/120/1 (w/w) as eluent. Because of 
the reversed phase character of the column, the elution order is reversed 
compared to polar columns. Therefore highly charged gold clusters like 
{Аи9(РРЬз)е}3+ elute first. Because some ion-exchange character remains 
present, addition of ШцІЮз is necessary, but in contrary to polar column 
material no accumulation of МІцМОз is observed. The effect of ion-exchange 
can be regulated with the amount of МНцШз added. With too little ННцШз 
the effect is strong, resulting in very slow elution and heavy tailing. 
Too much NH^NOa results in fast elution but poor separations. In practice 
a golden mean is used. 
Still a few problems remain connected with the use of this type of column 
material. First of all some tailing may be observed with the elution of 
Au(I) compounds and charged gold clusters. Typical of these compounds is 
also the dependence of the retention time upon the concentration of the 
sample on the column. The resulting variation in retention times, however, 
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can be determined and in general does not lead to identification problems. 
Tailing and concentration dependence are the main disadvantages of this 
kind of column material. The most important condition, that of a sufficient 
separation of complex mixtures of gold cluster compounds, is met. 
ANALYTICAL HPLC 
In view of the forementioned conclusion, in this paragraph only HPLC se­
parations will be discussed with the use of silica gel modified with octa-
decyl groups (silica C18) eluted with a 335:120:1 (w/w) mixture of ethanol, 
water and NH^NOa respectively. Experiments were carried out using standard 
analytical HPLC equipment in combination with a new type of glass cartridge 
column (dimensions 100 x 3 mm). Glass cartridges have the advantage of being 
transparant, which is especially handy in checking for the metal contami­
nation of the column. They also have the advantage of being relatively 
cheap, easy to replace and serving solvent economy, because of a smaller 
column diameter, without the specific need for microbore equipment. In our 
case two such cartridges were coupled to obtain a 200 x 3 mm column run at 
a flow rate of 0.70 ml/minute at a pressure of about 180 bar. Detection was 
carried out using continuous UV monitoring at 254 nm, suitable for the 
detection of aromatics and other delocalized organic double bonds. For tri-
phenylphosphine gold clusters this detection method is appropriate. 
In figure 2 typical chromatograms are shown of mixtures of gold clusters 
using the forementioned conditions. As can be seen a good separation of 
these different gold clusters can be obtained. In general gold clusters 
having high charge like {Аи9(РРЬэ)
в
}3 elute faster than gold clusters having 
lower charge like {Auiι(PPha)e(CN0)2} . The separation, however, is not 
solely influenced by the charge on the gold cluster, as indicated by the 
separation of {Аив(РРЬэ)
в
} 2 + , Í АиаСРРЬэЫ 2" and {Аи6(РРЬз)б} 2 + . 
Bands of gold clusters are rather broad compared to other organometallic 
compounds like ferrocene (see figure 3). This broadening could be induced 
by ion-exchange reactions, that still occur during elution, or by equilibria 
involving the gold clusters. Since ion-exchange is more likely to be respon-
cible for tailing of bands э, peak broadening probably is a result of equi­
libria between different gold cluster compounds in the eluent. An example 
of this effect is shown with the elution of {Au9(PPh3)e(CN
1Pr)2}3+. As we 
have already seen in chapter 2, at room temperature a solution of this com-
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Figure 2. Typical chromatograms of mixtures of gold clusters 
using standard conditions 
pound really is an equilibrium mixture of three isomers. Since these three 
isomers are bound to have different retention times, a more than normal 
broadening of the band can be expected, as is indeed observed. 
One of the main disadvantages already mentioned in the last paragraph, is 
the dependence of retention time upon sample amounts, making HPLC less re­
liable than 3 1P-NMR. Figures 4, 5 and 6 show retention times versus sample 
amounts for the gold clusters {АиэСРРЬзЫ 3 + , {Аив(РРЬэ)в} 2 + and {Аии(РРЬз)в 
(CN0) 2}
+
. 
92 
1:Ш 
МО T I НЕ 
1 1 . 4 9 3 
г і . ч е э 
3 г . 0 6 5 
4 З . Э ь 
TOTAL 
flREn 
2¿569 
40539 
76532 
4504ΕΘ1 
4643971 
ПК 
V 
V 
I DUO 
соме 
0.436 
0.37ε9 
1 .Ь4Э1 
96.992 
108 
НИНЕ 
FE<:C5H5>2 
F i g u r e 3. Chromatogram of ferrocene 
In general the tailing of a band in partition chromatography is an indica­
tion for a greater solubility of the sample compound in the mobile phase 
compared with the stationary phase. This results in a decreasing retention 
time with increasing sample amounts. 6 Indeed, all gold clusters eluted 
show both tailing and decreasing retention times with increasing concentra­
tion. The effect is most apparent for {Аи9(РРЬз)
в
}3+. The curve of {Au9-
(РРЬэ)
в
}э+ extrapolates to 1.48 with increasing sample amounts, which is the 
speed of the solvent front. Both {Аи8(РРЬэ)8}
2+
 and {Auj1(РРЬэ)в(СМ0)2}+ show 
linear correlations with sample amounts of 20 yg upwards. In table 2, the 
retention times of some gold clusters and mononuclear gold compounds are 
shown at sample amounts of 5, 20 and 100 yg. Retention times of some neutral 
compounds are depicted in table 3. 
Analytical HPLC is a very sensitive analysis technique in comparison with 
31P-NMR. This is of interest for the discovery of small contaminations and 
equilibria in which some of the species may be present in very low concen­
tration. {Лив(РРЬз)в}2+ for instance, shows one band when promptly injected 
onto the column, but after 10 minutes in solution, {AugCPPha^} 3 + , {Aus-
(РРЬз)б}2+ and {AuPPhj^are visible as reaction products (figure 7). 
The usefulness of HPLC is demonstrated with mixtures that contain both 
{Аи9(РРЬэ)в}3+ and {Аиб(РРЬз)в}2+. Since these two compounds have identical 
31P{1H}-NMR shifts of 54.70 ppm, they cannot be distinguished using this 
technique. HPLC on the other hand shows both compounds separately (see fi­
gure 2). 
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Table 2: Retention times of some gold compounds at different sample amounts 
Compound 
{Au9(PPh3)e}3+ 
{Aue(PPh3)e}
2+ 
(Auii(PPh3)e(CN0)2}
+ 
{Aua(PPh3)7}2 + 
{Au9(PPh3)6(CN1Pr)2}
3+ 
AuPPhaBr 
AuPPhaCl 
AuPPhaNOs 
{Au(PPh3)2}N03 
Retention time * (minutes) 
5 Ug 
1.63 
5.04 
8.83 
3.41 
1.90 
2.18 
2.30 
2.48 
2.63 
20 ug 
1.55 
4.76 
8.51 
3.32 
1.87 
2.14 
1.93 
2.42 
2.37 
100 ug 
1.48 
4.40 
8.11 
3.12 
1.81 
2.08 
1.91 
2.13 
2.22 
Table 3: Retention times of some neutral compounds 
Compound 
PPhs 
FetCsHsh 
0 = РРЬз 
Ni(C5H5)2 
Retention time * (minutes) 
3.89 
3.07 
1.92 
2.96 
* using column and standard conditions as mentioned 
in the experimental section. 
PREPARATIVE HPLC 
Essentially the same separations that are obtained with analytical HPLC 
can be obtained with preparative HPLC as well. Prepacked preparative HPLC 
columns of the reversed phase type can be used with the same eluent to per­
form separations in virtually any amount of sample. In contrast to analy-
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Figure 7. {Аив(РРЬз)в}2+ after being in solution for 10 minutes 
tical HPLC no expensive high pressure equipment is needed. A low pressure 
pump and an UV detector will be sufficient for good results. 
In our laboratory even simpler equipment was used. The pump was replaced 
by a glass column equipped with a glass frit at the bottom, filled with 
eluent. The eluent could be degassed with helium. This is schematically 
shown in figure 8. Helium degassing and pressurizing is necessary to prevent 
gas bubble formation on the HPLC column during elution. Sample injection 
was performed by using a syringe to inject directly onto the column without 
introducing air bubbles. Eluent was collected by a fraction collector and 
checked with analytical HPLC. 
Using the apparatus shown in figure 8 many separations could be performed. 
For instance {АиэСРРЬз^} 3 + and {Аив(РРЬз)8}2+ were successfully separated 
through a prepacked silica C-8 column of 310 x 25 mm using the standard 
Et0H/H20/NHi,N03 mixture. The maximum injectable sample volume was about 
2 ml for this column. Since for best results the sample has to be dis­
solved in the eluent, the solubility of the sample compounds determines the 
maximum amount of sample that can be injected. In practice this was 
about 150 mg of gold cluster. 
Apart from {Аи9(РРЬз)
в
}э and (Аи
в
(РРЬз)в}2 also more difficult mixtures 
like {Аи9(РРЬэ)
в
}3+ and {Аиб(РРЬз)б}2+ (see chapter 3) could be separated 
successfully on a silica C-8 column. 
Normally helium pressure of about 1.5 to 2 bars was used to push the 
eluent through the column, resulting in full separations within 30 minutes. 
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Figure 8. The apparatus used for preparative HPLC 
CONCLUSION 
Reversed phase chromatography on silica C18 using HPLC proves to be a 
useful technique for separation and identification of gold cluster compounds. 
The usefulness is governed mainly by two factors: speed of analysis and 
minor sample amounts. A disadvantage with the chromatography of gold cluster 
is the dependence of the retention time upon concentration, making HPLC 
less reliable for identification than 31P-NMR, although its sentivity is 
higher. Therefore HPLC should, where possible, be used in conjunction with 
31P-NMR. 
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EXPERIMENTAL 
Analytical HPLC 
A low pressure mixing system with helium degassing was used from LKB 
(LKB 2156 solvent conditioner, LKB 2158 Uvicord SD, LKB 2152 HPLC control­
ler and a LKB 2150 HPLC pump) equipped with a Rheodyne 7125 injector and 
a Shimadzu C-R3A printer/plotter. The mixing of solvents was only used 
for optimalization of conditions. After this the solvents were premixed 
and used in an isocratic way. UV detection was conducted at 254 nm. 
Standard conditions for the chromatography of ionic gold clusters 
Column: 2 х Chrompack Chromspher C18 glass cartridge (100 x 3 mm). 
Eluent: 335 g EtOH/120 g H20/1 g N ^ W ^ f l o w rate: 0.70 ml/minute; pressure: 
about 180 bar; guard column: Chrompack column type A (75 * 2.1 mm) filled 
with pellicular reversed phase material. At a flow rate of 0.70 ml/minute the 
solvent front eluted with a retention time of 1.48 minutes (retention time 
measured from time of injection). 
Standard conditions for the chromatography of neutral gold(I) and gold 
cluster compounds 
Column: Ix Chrompack C P — SPHER Si glass cartridge (100 x 3 mm) . 
Eluent: 78% THF/22% hexane (v/v); flow rate: 0.70 ml/minute; pressure: about 
60 bar; guard column: Chrompack column type A (75 χ 2.1 mm) filled with 
pellicular silica. At a flow rate of 0.70 ml/minute the solvent front eluted 
with a retention time of 1.10 minutes (retention time measured from time 
of injection). 
Preparative HPLC 
Apparatus was used as shown in figure 8. For the pressured glass column 
a normal pyrex glass column equipped with a frit and secured with plastic 
foil was used (110 x 2 cm). For degassing the solvent, some helium pressure 
was applied to the bottom of the column while opening the degas outlet. 
After 10 minutes the solvent was fully degassed and ready for chromatography. 
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Subsequently a helium pressure of about 1.5 to 2 bars was administered 
to the top of the column. After air bubble free injection of sample 
(dissolved in the eluent), using a normal syringe, separation could be 
performed in less than 30 minutes. A Lobar® prepacked HPLC column 
(310 x 25 mm) of Merck filled with Li-Chroprep® RP-8 (40-63 ym) reversed 
phase material was used. The same eluent was used as with analytical HPLC. 
All connections were made of PTFE tubing. 
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S W M A R Y 
Chapter 1 General introduction. 
Chapter 2 In this chapter reactions are described of gold phosphine 
clusters with isocyanides. 
Starting from (AueCPPha)?}2+ or {Аи9(РРЬэ)в}3+ substitution of phosphine 
by isocyanide can be performed to yield the clusters {Аив(РРЬз)7(СНК)}2+ 
and {Au9(PPh3)6(CNR)2}
3+
 where R = tBu or ^ г . Treatment of {АиэСРРЬзЭе-
(CN Р О г } 3 * with I - at -780C and at room temperature results in the 
formation of {Aui і С Р Р Ь з Ы С ^ Р г Ы ) 2 * and Ащ
 1(PPh3)6(CN
1Pr)l3 respectively. 
The X-ray structure of the latter can be described as a centered icosahedron 
with one triangular face replaced by a single vertex. 3lP-NMR ligand exchange 
experiments have shown the isocyanide ligands to be bonded much tighter to 
the gold cluster than phosphines. The low temperature 31P-MMR spectra of 
these compounds can be explained in terms of a difference in fluxionality 
between these two ligands. 
Amine addition to isocyanides attached to gold clusters is inhibited by the 
steric hindrance of the phosphine ligands. Gold clusters containing carbenes 
can be synthesized, however, by addition of Au(I) carbene complexes to gold 
clusters. 
1 9 7Au Mossbauer spectra for all gold clusters are shown. The parameters 
agree with other values. 
Chapter 3 In this chapter reactions of AuPPhsX compounds with CO and H2 
are described. 
АиРРЬзХ compounds with weakly coordinated ligands X, react with CO to form 
{Аи9(РРЬэ)8}
3+
. {Аи8(РРЬз)в}
2+
. {Аи
в
(РРЬз)7}
2+
 and C0 2. The reaction only 
proceeds if traces of water are present. During the reaction CO is probably 
coordinated to the gold. 
If X = NO3-, the gold cluster formation proceeds with simultaneous reduction 
of nitrate to nitrosyl via the nitrite compound. 
If X = NO3- and the reaction with CO is carried out in СН2СІ2, АиРРЬзСІ and 
the fulminate AuPPhsCNO are formed. The reaction of {АиэСРРЬэЫ э + with CO 
in CH2CI2 yields {Аиіі(РРЬ
э
)8(СМ0)2}+. CHjClz is believed to react with the 
nitrosyl AuPPhsNO to formoxim C1HC = NOH. The formoxim is split in HCl and 
and fulminio acid HCNO, resulting in the formation of АиРРЬзСІ and АиРРЬз-
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CNO. The latter reacts with {AusCPPhaW 3 + to {Аиі1(РРЬз)8(СК0)2}
 +
 . 
If X = NOa- and the reaction with CO is carried out without solvent, a 
paramagnetic species is formed from which, after contact with a solvent, 
the isocyanate AuPPhsNCO and the gold clusters {Аиб(РРЬз)б}2 and 
{Аи9(РРЬз)в}3+ are isolated. АиРРЬзМСО is believed to be formed by further 
reduction of AuPPhaNO to a nitrido compound. Addition of CO to this nitrido 
compound yields AuPPhsNCO. 
АиРРЬзХ also reacts with H 2 in EtOH to {Аид(РРЬз)в}3+· In CH 2C1 2 the 
ultimate product is АиРРЬзШг. 
An overall reaction scheme is given. 
The X-ray structures of AuPPhaCNO and АиРРЬэМСО are shown. They are iso-
structural, Au is linear coordinated. The AuCN and AuNC bond angles being 
176.7 and 179.5° respectively. 
Chapter 4 Рі2(РРЬэ)ц(и-8)2 reacts with 2 equivalents of AuPPhsCl to 
Pt2(PPh3).,(y-SAuCl)2, with 1 equivalent of АиРРЬэШз to {Pt^PPhsMu-S)-
(М-ЗАиРРЬз)}+ and with 2 equivalents of АиРРЬзШ
э
 to {PtüCPPhs).,-
(іі-ЗАиРРЬз)2}
2+
. 
The X-ray s t r u c t u r e s of Pt 2(PPh3) 1 ((y-SAuCl) 2 and {Рі 2 (РРЬ э )ц(ц-5)-
(и-ЗАиРРЬз)}+ are given. 
In Р^(РРЬз)ц(и-5АиС1)2 the 2Pt, 2S and the 4P are nearly in the same plane, 
with one AuCl above, and one below that plane. The molecular structure 
shows a weak interaction between Au and Pt. 
{Pt2(PPh3)i)(u-S)(u-SAuPPh3)}
+
 has a hinged square planar geometry similar 
to the starting product. 
Chapter 5 The electronegativity of the atoms of ligand X, directly 
attached to the gold, in compounds of the type АиРРЬзХ, show a linear 
correlation with both 31P-NMR chemical shifts and Au-P bond lengths. 
A similar relation has been noticed in literature for 13C-NMR in RHgX 
compounds, but is not well understood. 
The correlations are shown in diagrams using various AuPPhsX compounds. 
The correlation between X and the chemical shift in the 31P-NMR spectra 
can be used as a method to determine X in an unknown compound. Although 
the general trend is also observed in gold clusters, the relation is 
obviously more complicated. 
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Chapter 6 In this chapter the application of High Performance Liquid 
Chromatography (HPLC) for the separation and analysis of gold cluster 
compounds is described. 
Thin layer chromatography on silica gel, eluted with a solution of 0.02 M 
МНцШэ in EtOH, can be used for the determination of the charge on the gold 
cluster ion. 
With silica gel C-18 modified reversed phase column material, using EtOH/ 
НгО/МНцШз 335/120/1 as eluent, good separation of complex mixtures of 
gold cluster compounds can be obtained (preparative HPLC). The same 
conditions can be used in analytical HPLC. Although retention times are 
concentration dependent, analytical HPLC is a useful analysis technique 
complementary to 31P-NMR because of its speed and sensitivity. 
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SAMENVATTI MG 
Hoofdstuk 1 Algemene inleiding. 
Hoofdstuk 2 In dit hoofdstuk worden reacties beschreven van goud-fos-
fineclusters met isocyamdes. 
Uitgaande van {Аив(РРЬэ)7}2 of {Аи9(РРЬз) } 3 , kan substitutie van fosfines 
door isocyanide tot {AueiPPhabCCNR)}2+ en {Аи9(РРЬз)6(СНК)2}
3+
 worden uit­
gevoerd, waarbij R = 'Bu of 1Рг. Reactie van {Аи9(РРЬз)6(СМгРг)2}3+ met I -
bij -УВ'С en kamertemperatuur resulteert in de respectievelijke vorming 
van {Auli(PPh3)7(CN
1Pr)2I}
2+
 en Аиіі(РРЬз)б(СМ1Рг)Іэ. De rontgenstructuur 
van de laatste verbinding kan worden beschreven als een gecentreerde ico-
saeder met een drievlak vervangen door een enkel hoekpunt. 31P-NMR ligand 
uitwisselingsexperimenten hebben aangetoond dat isocyanide liganden sterker 
aan het goudcluster gebonden zijn dan fosfines. De lage temperatuur 3 1 P -
NMR spectra van deze cluster verbindingen kunnen worden verklaard door een 
verschil in fluxionaliteit tussen de twee liganden aan te nemen. 
De additie van amines aan isocyamdes die gecoördineerd zijn aan een goud-
cluster, wordt geblokkeerd als gevolg van de stensche hindering van de 
fosfine liganden. Goudclusters met carbeenliganden kunnen echter wel worden 
gesynthetiseerd door reactie van Au(I) carbeen complexen met goud-fosfine-
clusters. 
Van alle beschreven goudclusters worden de 197Au Mossbauer spectra gegeven. 
De parameters zi^n in overeenstemming met eerdere waarden. 
Hoofdstuk 3 In dit hoofdstuk worden de reacties van AuPPhsX met CO en 
Нг beschreven. 
AuPPhsX verbindingen reageren met CO tot de goudclusters {Аи9(РРЬэ)в}3+, 
{Аи8(РРЬэ)в)2+ en {Аив(РРЬз)7}2+ en C0 2. De reactie verloopt uitsluitend 
als er water aanwezig is. CO is tijdens de reactie waarschijnlijk gebonden 
aan het goud. 
Wanneer X = Ш з - , vindt gelijktijdig met de goudclustervorming een reductie 
van nitraat tot nitrosyl plaats via de nitrietverbindmg. 
Wanneer X = NO3 - èn de reactie met CO wordt uitgevoerd in CH2CI2, worden 
AuPPhaCl en het fulminaat AuPPhaCNO gevormd. De reactie van {AusCPPhaM3 + 
met CO in CH2CI2 levert {Auiі(РРЬз)в(СМ0)2}+ op. Het wordt aangenomen dat 
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CHaClü met het nitrosyl AuPPhaNO reageert tot het formoxim C1HC = NOH. 
Dit formoxim valt vervolgens uiteen in HCl en knalzuur, waarna AuPPhsCl en 
AuPPhaCNO gevormd worden. AuPPhaCNO reageert met {AugCPPha^}3+ tot Ц і щ -
(PPh3)e(CN0)2}
+
. 
Wanneer X = Юз~ en de reactie met CO wordt uitgevoerd zonder oplosmiddel, 
wordt een paramagnetisch deeltje gevormd, waaruit na contact met een oplos­
middel AuPPhsNCO en de goudclusters {Аи
в
(РРЬз)б}2+ en {Аи9(РРЬз)в}
3+
 ont­
staan. De vorming van AuPPhsNCO kan worden verklaard door een verdere 
reductie van AuPPhsNO tot een nitrido complex, waarna CO additie tenslotte 
AuPPhaNCO oplevert. 
Hz reageert met AuPPhaX in EtOH tot {Аи9(РРЬэ)
в
} 3 +. In CH 2C1 2 is АиРРЬзШ 2 
het uiteindelijke produkt. 
Een algemeen reactieschema wordt gegeven. 
Van AuPPhjCNO en AuPPhaNCO worden de rontgenstructuren gegeven. Deze zijn 
gelijkvormig, goud is lineair gecoördineerd. De AuCN en AuNC bindingshoeken 
zijn 176,7 en 179,5° respectievelijk. 
Hoofdstuk 4 Pt2(PPh3)„(u-S)2 reageert met 2 eq. AuPPh3Cl tot PtjCPPha),,-
(U-SAuClb, met 1 eq АиРР1ізЖ)з tot {Pt2(PPh3)^(u-S)(u-SAuPPh3)}+ en met 
2 eq AuPPhsNOj tot {PtïCPPhsMu-SAuPPhab}2+. De rontgenstructuren van 
Pt2(PPh3)„(p-SAuCl)2 en {Pt2(PPh3)4(U-S)(u-SAuPPh3)}+ worden getoond. 
In Pt2(PPh3)i.(U-SAuCl)2 liggen de 2Pt, 2S en 4P ongeveer in hetzelfde vlak, 
met één AuCl boven en één onder dat vlak. De moleculaire structuur toont 
een zwakke interactie tussen Au en Pt. {Рі2(РРЬз)і,(у-5)(и-5АиРРЬэ)}
+
 bezit 
een gehoekte geometrie, evenals het uitgangsprodukt. 
Hoofdstuk 5 De elektronegativiteit van de direct aan goud gecoördineer-
de liganden X in AuPPhaX, is lineair gecorreleerd met de 31P-NMR chemische 
verschuiving en de Au-P bindingslengte. Deze relatie is reeds eerder opge-
merkt in de literatuur bij 13C-NMR aan RHgX verbindingen, maar wordt niet 
goed begrepen. 
De correlaties worden in grafiekvorm weergegeven gebruikmakende van een 
groot aantal AuPPh X verbindingen. Het verband tussen X en de chemische 
verschuiving in de 31P-NMR spectra kan worden gebruikt als een methode om 
X te bepalen in onbekende verbindingen. Ondanks het feit dat deze tendens 
ook wordt gevonden bij goudclusters, is de relatie duidelijk meer gecompli-
ceerd. 
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Hoofdstuk 6 In dit hoofdstuk wordt de toepassing van de zogenaamde 
High Performance Liquid Chromatography of HPLC besproken voor de scheiding 
en analyse van goudclusterverbindingen. 
Dunne laag chromatografie op silicagel, geelueerd met een 0.02 M МНцМОз 
oplossing in EtOH, kan worden gebruikt voor de bepaling van de lading op 
het goudclusterion. 
Gebruikmakende van silica C-18 gemodificeerde reversed phase kolommateriaal, 
met een mengsel van ЕіОН/НгО/КНцЮэ 335/120/1 als eluens, kunnen goede 
scheidingen verkregen worden van complexe mengsels van goudclusters (prepara-
tieve HPLC). Dezelfde omstandigheden kunnen worden toegepast voor analytische 
HPLC. Ondanks het feit dat de retentietijden concentratie afhankelijk zijn, 
is analytische HPLC een bruikbare analyse methode complementair met 31P-NMR 
vanwege de grote snelheid en gevoeligheid. 
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1) Bij de vergelijking van vloeistof 31P-NMR waarden van de groep van 
Mingos met die van andere onderzoekgroepen is, afgezien van een ver­
schuiving van 0.8 ppm t.g.v. het verschil in gebruikte standaard, een 
discrepantie van 0.6 ppm waarschijnlijk een gevolg van een systematische 
fout in de metingen. 
Briant, C E . , Hall, K.P. en Mingos, D.M.P., J. Organomet. Chem. 254, 
C18 (1983); dit proefschrift. 
2) Lamanna suggereert ten onrechte dat in het algemeen een hoog molecuul­
gewicht samengaat met een slechte oplosbaarheid. 
Lamanna, W., J. Amer. Chem. Soc. 108, 2096 (1986). 
3) De door Smith en Marchand veronderstelde vorming van een endo-0-additie-
produkt bij de alkylering van 6-carbomethoxy-l,5-dimethyl-endo-tricyclo-
[5,2,l,02's]dec-8-een-3-on is onwaarschijnlijk. 
Smith, W.B., Marchand, A.P., Suri, S.C. en Jin, P., J. Org. Chem. 51, 
3052 (1986); Klunder, A.J.H., Hulzinga, W.B., Sessink, P.J.M. en 
Zwanenburg, П., Tetrahedron Lett. 28, 357 (1987). 
4) De relevante wetenschappelijke passages uit een artikel van Sebald en 
Wrackmeyer zijn door Al-Najjar et. al. letterlijk overgeschreven. 
Sebald, A. en Wrackmeyer, В., Spectrochira. Acta 38A, 163 (1982); 
Abu-Salah, O.M., Al-Ohaly, A.A., Al-Showinian, S.S. en Al-Najjar, I.M., 
Trans. Met. Chem. 10, 207 (1985). 
I 
5) Het is te hopen dat m.b.t. het onderzoek naar hoge temperatuur-super-
geleiding in Ba-La-Cu-0 systemen de fysica beter bedreven wordt dan de 
chemie. 
Bednórz, J.G., Muller, K.A., Z. Phys. В Condensed Matter 64, 189 (1986). 

6) De interpretatie van het kristallografisch onderzoek aan "АигСРРЬэ)!1' 
lijkt op goede gronden zo onwaarschijnlijk dat hier sprake moet zijn van 
een interpretatiefout van de kristallografische gegevens of van een 
verbinding met'geheel andere samenstelling. 
Mingos. D.M.P.. Pure and Applied Chem. 52, 705 (1980); Hall, K.P. en 
Mingos, D.M.P. in "Progress in Inorganic Chemistry" deel 32, bewerkt 
door Lippard, S.J., Wiley, New York (1984), pagina 264. 
7) Het niet vermelden van de meetcondities door Nakamura et. al. bij de 
temperatuurafhankelijke bepaling van de redoxpotentialen van ferredoxine 
modelverbindingen, maakt de juiste interpretatie van de meetgegevens 
door derden onmogelijk. 
Ueyama, N.. Terakawa, T., Nakata, M. en Nakamura, Α., J. Amer. Chem. 
Soc. 105. 7098 (1983); Ueyama, N.. Kajiwara, Α., Terakawa, T., Ueno, S. 
en Nakamura, Α., Inorg. Chem. 24, 4700 (1985). 
8) De brutaliteit van rokers ten opzichte van niet-rokers grenst aan het 
ongelooflijke. De passiviteit van niet-rokers ook. 
9) Het is voor alleenstaande vrouwen raadzaam niet hun volledige voornaam 
in het telefoonboek te vermelden, teneinde het aantal ongewenste 
(nachtelijke) telefoontjes te beperken. 
Nijnegen 13-2-'87 Wim Bos. 



